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CHAPTER  I 


INTRODUCTION 


Allo-ooimene,  2,G-dimethyl-2,4,C-ootatriene,  was 
first  detected  in  ooimene  and  was  thought  to  he  Its 
stereoisomer.  Oclnene  is  a natural  product,  and  has 
been  reported  in  the  literature  as  2,G-dlmethyl 
1,5,7-octatrieno,  although  it  is  believed  in  this 
laboratory  to  be  2,6-dlmethyl-2,S,7-ootatriene  (1). 
Enklaar  (2-C)  who  investigated  very  extensively  the 
chemical  and  physical  properties  of  oclmene,  observed 
that  when  this  compound  was  heated  for  a few  hours  under 
an  inert  atmosphere,  it  was  converted  to  allo-ooimene . 
This  last  compound  was  first  synthesized  by  Fisoher  and 
Loenberg  in  1933  (7)  and  later  by  Lozac'h  (8). 

A more  plentiful  source  of  allo-ooimene  is  alpha- 
plnene.  When  alpha-plnene  is  thermally  isomerized, 
either  in  the  liquid  or  vapor  phase,  allo-ocimene  is 
obtained  as  one  of  several  products.  This  reaction  was 
studied  thoroughly  both  in  this  laboratory  and  by  other 
workers  (9-21).  The  usual  methods  of  pyrolyzing  alpha- 
plnene  have  been  either  to  soal  the  roaotant  in  a vessel 
and  heat  it,  or  vaporize  alpha-plnene  and  use  an  inert 
carrier  gas  to  transport  the  vapor  through  the  hot  tube. 
Regardless  of  the  method  of  isomerization,  the  usual 


products  at  lov  temperatures  and  short  contact  times 
have  been:  racemised  alphn-plnene,  dipentene,  some 

polymer  and  allo-oclmene.  The  yield  of  this  last  product 
can  be  as  muoh  as  40  percent.  At  higher  temperatures  and 
longer  exposures  alpha  and  beta  pyronenes  are  formed  as 
veil. 

Hawkins  and  oo-vorkers  (22-24)  verified  Rioe's 
prediction  (25)  that  ooimene  should  be  formed  from 
the  pyrolysis  of  alpha-pinone,  and  found  that  the  half- 
life  of  the  former  is  only  about  three  minutes  at  204°  C. 
This  explains  why  ooimene  was  hard  to  detect  and  there  is 
no  doubt  now  that  this  work  has  been  concluded,  that  it 
is  the  precursor  of  allo-oclmene.  The  structural  formulas 
of  the  products  of  alpha-plnene  pyrolysis  are  given  in 

Klnetioally  the  isomerization  scheme  for  alpha-plnene 
is  somevhat  unusual  in  that  it  includes  simultaneous  and 
consecutive  reactions.  Hawkins  and  Puguitt  (26)  computed 
the  rate  constants  for  the  dimerization  of  allo-oclmene 
assuming  the  mechanism: 


where  A is  an  allo-oclmene  molecule,  and  D is  a dimer 
molecule.  For  rate  constant  k5,  they  found  the  frequency 
factor  "8"  in  the  integrated  Arrhenius  equation  to  deviate 


Alpha-Pinene 


Alpha-Pyroneno  Beta-Pyronene 


from  the  expected  value  for  a decomposition  reaction. 
Furthermore,  Fugultt  pointed  out  that  a value  of  log  a 
of  approximately  10,  as  found,  would  apply  to  a second 
order  reaction. 

Hunt  (23)  extended  Fugultt's  work  and  studied  the 
effect  on  the  dimerization  reaction  of  the  addition 
of  acid,  base  and  antioxidant.  He  also  determined 
dilatometrlcally  the  rate  constants,  and  from  his  results 
drew  some  very  interesting  conclusions.  First,  It  makes 
little  difference  whether  k4  Is  calculated  on  the  basis 
of  a first  or  second  order  reverse  process.  Second,  the 
conversion  of  dimer  to  allo-ocimene  In  the  liquid  phase 
appears  to  be  a monomolecular  reaction  following  a second 
order  rate  oquation.  Third,  from  the  drift  of  the  k4 
constant  in  both  Fugultt's  and  Hunt's  work,  it  would  seem 
that  the  reversible  dimerization  was  not  the  only  reaction 
taking  place.  This  is  a good  example  of  how  kinetic  data 
can  be  of  great  help  in  elucidating  a chemical  process, 
or  in  suggesting  that  a wrong  assumption  was  made,  or  that 
there  is  insufficient  evidence  for  any  assumption  at  all. 

A review  of  the  physical  constants  (mainly  refraotive 
indices,  densities  and  boiling  points)  for  the  so-called 
"pure*  allo-oclnenes  shows  considerable  variation  in 
the  valuos  of  these  constants.  It  was  concluded  that 
allo-ocimene  was  probably  a mixture  of  some  isomeric  forms. 


two  of  which  were  isolated  by  Small  (27),  The  stru 
of  allo-oclmene  was  proved  by  degradation  (28),  synthesis 
(7,8)  and  the  use  of  Hainan  spectra  (29).  Consideration 
of  the  allo-oclmene  molecule  Indicates  that  four  stereo- 
isomers are  possible.  Although  it  was  noted  that  different 
temperatures  of  Isomerization  of  alpha-plneno  gave  different 
allo-oclmene  isomers,  no  systematic  work  was  done  to  find 
out  why  this  ocourred.  It  was  suspected  that  there  was 
a relationship  between  the  temperature  of  formation  of 
allo-oclmene  and  the  relative  proportions  of  the  Isomers 
present.  The  investigation  undertaken  here  was  prompted 
by  a desire  to  clarify  the  position  with  regard  to  the 
number  of  isomers  that  oan  be  Isolated.  We  wished  to 
know  what  conditions  favored  the  production  of  either 
isomer.  Were  two  or  more  isomers  formed  simultaneously, 
or  was  one  perhaps  the  Initial  product  which  lsomerlzed  to 
form  the  other?  It  was  desired  to  prepare  the  isomeric 
forms  in  a highly  purified  state,  so  that  sufficiently 
reliable  physical  properties  could  be  ascertained  to 
characterize  them. 

Furthermore,  as  Indicated  above,  the  kinetic  dues 
from  the  dimerization  of  allo-oclmene  Indicated  that 
the  reaction  was  not  as  simple  as  expressed  by  equation  1. 
This  conclusion  Is  significant  In  the  light  of  the  results 


work.  In  view  of  the  complexity  of  the 


reaction,  the  determination  of  the  activation  energy 
from  only  two  temperature  measurements  is  of  doubtful 
value.  It  vas  found  that  the  dimerization  reaction  is 
Indeed  not  as  simple  as  postulated  by  Puguitt.  The  kinetic 
scheme,  at  least  for  the  liquid  phase,  should  now  Include 
not  only  simultaneous  and  consecutive  reactions,  but  also 
reversible  and  competitive  ones  as  well. 


CHAPTER  II 


REVIEW  OF  PREVIOUS  STUDIES 

Tvo  Isomers  of  allo-oelmene  were  first  Isolated  by 
Enklaar  In  1917  (C),  More  extensive  work  in  the  separation 
of  the  isomers  was  done  by  Hopfield  et  al.  (30),  Hunt 
(23)  and  Alder  et  al.  (31),  who  also  provided  some  physical 
constants  for  the  compounds,  A summary  of  these  constants, 
corrected  to  20  no  Hg  pressure  and  35°  C temperature, 
whenever  neoessary,  was  compiled  and  is  given  in  Table  1. 

A conversion  factor  of  1.3  degrees  per  mm  was  used  for  the 
boiling  points  in  Table  lj  it  was  calculated  from  the 
Clausius-Clapeyron  equation  (32).  For  the  correction  of 
densities  Sutherland's  factor  (33)  of  -0.0008  per  degree 
C was  used,  while  refractive  indices  were  converted  through 
Berdyshev's  factor  (34)  of  -.0005  per  degree  C.  As  will 
be  observed  from  Table  1,  there  seems  to  be  a correlation 
between  the  temperature  of  pyrolysis  of  alpha-pinene  and 
the  occurrence  of  a particular  Isomeric  form.  It  may  be 
tentatively  concluded  that  the  higher  the  temperature  of 
pyrolysis,  the  greater  the  amount  of  Isomer  B or  neoallo- 

As  mentioned  in  tho  introductory  discussion,  four 
geomotrioal  stereoisomers  of  allo-ocimene  are  possible. 
These  are  given  in  Figure  2. 


Although  methods 
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FIGURE  3.  Stereoisomers  of  Allo-ocluene. 
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assigning  absolute  els  or  trans  configurations  to  isoners 
of  an  olefin  oompound  are  rather  doubtful  (35),  it  Is 
found  that  the  els  isomer  usually  has  the  lover  melting 
point,  higher  boiling  point  and  higher  density.  On  the 
basis  of  those  considerations  and  the  Raman  speotra  for 
the  two  forms  of  allo-oolmene,  Qopfleld  et  al.  (30) 
decided  to  assign  the  trans- C^-trana- Cc  configuration  to 
fora  X,  and  the  trans- C^-ols- Cg  configuration  to  form  II 
(Figure  a). 

Alder  et  al.  (31)  attacked  the  problem  through  a 
different  method.  By  synthesizing  two  Isomeric  dibasic 
acids,  Ci4H2q04,  derived  from  the  two  isomers  they  had 
prepared,  they  proved  that  the  form  with  the  lover  boiling 
point  and  lover  density  had  a trans-C-4.5.  trans-C-6.7 
configuration,  while  the  form  with  the  greater  density 
and  higher  boiling  point  had  a trans-C-4.5.  cis-C-6,7 
configuration.  These  oonolualons  corroborate  Hopfleld's 
work. 

Small  (87)  claimed  to  have  Isolated  a third  isomer, 
in  addition  to  the  two  described  above.  Fortunately  a 
sample  of  the  "third"  isomer  was  available  when  this  work 
was  started.  A gas  chromatographic  analysis  shoved  it  to 
be  merely  a mixture  of  the  A and  B forms.  The  infrared 
evidence  for  the  existence  of  a third  isomer  is  also 
unconvincing. 


A source  of  considerable  difficulty  in  the  study  of 
allo-oclmeno  is  the  faot  that  it  absorbs  oxygen  so  rapidly. 
Unless  very  stringent  precautions  are  taken  to  avoid  oxygen 
contamination,  some  kind  of  polymer  oxide  Is  formed  which 
will  ohange  the  constants,  even  though  the  isomers  were 
very  pure  to  begin  with.  The  autooxidatlon  of  allo- 
oclraene  was  studied  by  Dranishnikov  (30)  who  postulated 
the  following  steps  for  the  reaction:  (a)  vigorous  addition 

of  oxygon,  accompanied  by  (b)  much  polymerization  followed 
by  (c)  some  autodepolymerlzatlon.  The  rubbery  mass  that 
forms  when  allo-oclmene  is  left  in  an  open  flask  exposed 
to  the  air,  is  believed  to  be  an  unstable  polymer  oxide 
(ClO^lC^n*  **  was  found  in  this  laboratory  that  the 
rubbery  material  could  bo  dissolved  only  by  methylene 
chloride;  the  other  oommon  solvents  were  ineffective. 


CHAPTER  III 


EXPERIMENTAL 

The  tvo  most  convenient  methods  of  preparing  large 
amounts  of  allo-oolmene  are  (a)  vapor  phase  pyrolysis  and 
(b)  liquid  phase  pyrolysis  of  alpha-plnene . Preliminary 
experimental  work  in  those  tvo  methods  indicated  that, 
provided  alpha-plnene  had  the  best  physical  constants 
reported  in  the  literature,  and  was  chroma tographlcal 1 y 
pure,  the  results  were  Identical  whether  sulfate  plnene 
or  wood  pinene  was  used. 

Distillation  Apparatus 

Unfortunately,  none  of  the  excellent  Lecky  and  Ewell 
type  rectification  columns,  constructed  and  testod  in 
this  laboratory  a few  years  ago  (37),  was  available  when 
this  work  was  started.  Therefore,  new  fractionation 
systems  had  to  be  built  and  tested.  One  that  was  found 
satisfactory  for  the  purification  of  alpha-plnene  and  the 
separation  of  pyrolysis  products  and  isomers  is  described 
below. 

The  column  was  one  160  cm  long  (measured  from  top 
to  bottom  of  packing),  2.5  cm  inside  diameter,  filled 
with  Protruded  Packing,  purchased  from  the  Scientific 
Development  Co.,  State  Collego,  Pa.  The  column  was  placed 
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in  a heat-compensating  jacket  (38),  and  the  two-section 
nichrome  heaters  were  regulated  with  two  Powerstat  variable 
transformers.  The  column  used  to  separate  the  two  isomeric 
forms  of  allo-oclmone  was  one  identical  to  that  Just 
described,  but  350  cm  long. 

A very  efficient  distilling  head  was  constructed 
incorporating  the  following  featuros:  (1)  A very  effective 

condenser  which,  properly  cooled,  prevented  vapor  from 
escaping  to  other  parts  of  the  system.  (2)  A magnetically 
operated  funnel  permitted  precise  reflux-ratio  control. 

(3)  All  stopcocks  in  the  path  of  the  distillate  (with  the 
exception  of  a teflon  one)  were  eliminated  to  avoid 
grease  contamination. 

A reliable  electronic  repeat  cycle  timer,  manufactured 
by  the  G.  0.  Wilson  & Co.,  Huntington,  W.  Va.,  was  used  to 
regulate  the  take-of]'  speed.  The  cooling  of  the  distilling 
heads  was  effected  by  means  of  a pump  circulating  water 
at  about  12°  C from  a refrigerated  reservoir.  The  absolute 
pressure  in  the  fractionating  system  Wc3  measured  by  means 
of  a precision  model  Zlmmerli  gauge.  The  pressure  could 
be  road  directly  on  the  vernier  scale  to  l/lOth  of  a 
millimeter. 

A modified  Herschberg  and  Huntress  type  manostat  (38) 
was  used  to  control  the  pressure  to  * .1  mm  Ug.  Diethylene 
glycol  with  a very  small  amount  of  sodium  chloride  was  used 
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In  the  manostat  instead  of  sulfuric  acid.  This  necessitated 
building  a very  sensitive  electronic  relay.  A further 
innovation  was  the  use  of  dry,  oxygen-free  nitrogen  instead 
of  air.  This  was  introduced  through  a valve  (norr.ally 
closed)  purchased  from  the  Automatic  Switch  Co.,  Plorham 
Park,  N.  J.  (series  300,  #820214-096711).  When  pressure 
decreased,  the  relay  operated  the  valve  which  admitted, 
through  a capillary  tube,  enough  nitrogen  to  restore 
pressure.  This  produoed  a slight,  continuous  fluctuation 
in  pressure  which  increased  the  efficiency  of  the  column. 

The  tempo  nature  at  the  head,  still  and  column  was 
recorded  automatically  and  continuously  by  thermocouples 
connected  to  a multiple-printing  Brown  Eleotronlk, 
Mlnneapolls-Uoneyvell  0-100°  C recorder.  This  method  was 
extremely  convenient,  as  it  not  only  provided  a permanent 
record  of  the  boiling  point,  pot  and  column  temperatures, 
but  also  furnished  a warning  in  case  of  accidental 
temperature  or  pressure  changes. 

The  column  efficiency  was  determined  by  refluxing 
a mixture  of  n-heptane  and  methyl  cyclohexane  in  the  column 
at  atmospheric  pressure  until  equilibrium  was  established. 
Two  very  small  samples  were  then  taken,  one  from  the  head 
and  the  other  from  the  distillation  flask.  The  refraotivo 
indices  of  these  samples  were  moasurod,  and  the  number  of 
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plates  was  determined  directly  from  a plot  of  number  of 
plates  versus  refractive  index  of  mixture  (40).  The  1.6 
meter  column  had  an  efficiency  of  about  40  plates,  while 
that  of  the  2.S  meter  vas  about  60  plates. 

The  distillation  system  was  operated  In  accordance 
with  standard  procedures  (38,  41),  but  a certain  amount 
of  experience  was  necessary  to  obtain  good  results. 

Three  difficulties  were  encountered  In  eonneotlon 
with  the  prolonged  operation  of  the  distillation  system. 

The  first  vas  in  connection  with  finding  a suitable  taper 
grease  that  would  be  impervious  to  terpene  erosion  and 
maintain  a vacuum  tight  seal  over  an  Indefinite  period  of 
time  at  low  pressures  and  temperatures  of  about  100°  C. 
Different  kinds  of  commercial  taper  greases  were  used, 
but  they  all  proved  unsatisfactory,  particularly  at  points 
where  liquid  or  hot  vapor  came  into  oontact  with  the  seal. 
Teflon  taper  sleeves  were  tried,  but  they  developed  fine 
channels  at  low  pressure,  with  subsequent  leaks.  Finally, 
a type  of  grease  was  developed  vhioh  proved  completely 
reliable.  Two  parts  of  dextrin  to  one  part  of  d-mannltol 
were  mixed  with  enough  acetone  (or  some  other  Inert 
solvent)  to  form  a fairly  viscous  suspension.  To  use,  the 
mixture  was  quickly  smeared  on  to  the  lower  part  of  the  male 
taper,  inmediately  bringing  the  female  Joint  in  place  and 
rotating  to  produce  an  even  distribution  of  the 


material . 
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The  Joint  was  uniformly  and  very  carefully  heated  with  a 
gas  microburner,  until  the  hydrocarbon  barely  melted;  the 
female  taper  was  then  rotated.  This  grease  provided  an 
excellent  seal  that  was  not  affected  by  terpene  vapors 
or  liquids  for  any  period  of  time.  To  break  the  seal, 
the  joint  was  again  heated,  very  carefully,  with  the 
microburner  until  the  grease  began  to  melt;  a sharp  twist 
of  the  female  taper  loosened  the  joint.  Extreme  caution 
must  be  exercised  to  avoid  bunting  the  hydrocarbon  mixture 
by  excessively  heating  the  glass  joints.  If  this  should 
happen,  the  grease  turns  brown,  and  the  tapers  can  only 
be  taken  apart  by  breaking. 

The  second  difficulty  was  experienced  in  attempting 
to  prevent  the  cold  traps  from  clogging  and  freezing, 
thus  stopping  the  distillation.  The  problem  was  solved 
by  using  three  cold  traps  in  two  large  capaolty  dewar 
flasks  filled  with  a dry  ice-acetone  mixture . A system 
of  stopoooks  was  used  to  by-pass  and  clean  any  particular 
trap,  without  disturbing  the  pressure  equilibrium.  This 
is  shown  in  Figure  3. 

The  third  difficulty  was  in  connection  with  fraction 
collection.  In  view  of  the  fact  that  small  samples  of 
were  continuously  taken  and  analyzed,  it  was 


distillate 
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desirable  to  have  a oolleetor  that  vould  permit  this 
vithout  disturbing  the  equilibrium.  Such  a collector 
was  built  and  proved  very  successful ; it  is  shown  in 
Figure  3. 

The  whole  system  was  connected  to  a pressure  operated 
"fail-safe"  device  used  when  the  distillation  was  unattended. 
If,  due  to  power  failure  or  other  causes,  the  pressure 
changed  by  about  as  little  as  + S mm  the  mercury  in  a 
D-tube  with  three  contacts  activated  a master  relay  that 
turned  off  all  power.  The  relay  could  be  reset  only 
manually,  so  that  even  if  power  was  resumed,  the  system 
would  remain  inoperative.  This  regulator  is  shown  in 
Figure  3. 


Gas  Chromatography 

Vapor  phase  chromatography  proved  an  invaluable  tool 
in  the  qualitative  analysis  of  pyrolysis  products,  in 
following  the  course  of  distillations  and  in  the  quantitative 
determinations  of  the  isomers.  A commercial  vapor  fraoto- 
raeter  was  used,  the  Perkin-L'lmer  Model  154B.  Considerable 
experimentation  was  needed  to  find  a chromatographic  column 
that  would  separate  all  the  components  of  the  pyrolysis 
mixture  and  also  resolve  the  isomers.  Columns  of  from  6 
to  40  feet  long  were  constructed  and  tested.  The  solid 
supports  were  mostly  dlatomaceous  earth  produots  manufactured 
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by  Johns-Manville  Co.,  such  as  Chromosorb  W,  60-100 
mesh.  The  stationary  liquid  phases  were  various  high 
boiling  materials,  such  as  silicone  oil,  Carbowax  4000 
and  0000,  di-(2-ethyl  hexyl)  phthalato,  dioctyl  phthalate, 
di-butyl  sebacate  and  others.  A 40-foot  column  packed 
with  special  synthotic  detergent  granules  (F  ft  M Tide) 
gave  an  almost  complete  separation  of  the  isomers,  but 
could  not  be  used  for  quantitative  work  due  to  irreversible 
adsorption. 

The  column  that  was  used  for  most  of  the  ohromatographlc 
work,  including  quantitative  deteralnatlons  in  the  kinetlo 
studies,  vas  a stainless  steel  one,  6 feet  long,  with 
dl-iao-deeyl  phthalate  as  the  liquid  phase.  All  of  the 
gas  chromatographic  columns  were  tubes  l/4  inch  in  outside 
diameter  and  3/16  inch  in  inside  diameter.  The  long 
columns  were  constructed  of  either  copper  or  aluminum 
tubing,  while  the  Short  ones  were  of  stainless  steel 

Purification  of  Alpha-Pinene 

Alpha-plnene  (gum),  about  97  percent  pure,  was 
obtained  from  the  Glidden  Co.,  of  Jacksonville.  It  was 
purified  in  batches  of  about  five  liters,  by  fractional 
distillation.  The  purity  was  chocked  by  moans  of  refractive 
index,  density  and  gas  chromatography.  A large  volume  of 


very  pure  alpha-plnene  was  collected  and 


dry,  oxygen-free  nitrogen.  It  had  the  following  constants: 
boiling  point  (20.0  no)  52°  C;  njj5  1.4631;  d|5  .8542. 

Vapor  Hiase  Isomerization  of  Alpha-Pineno 

Apparatus.  The  vapor  phase  pyrolysis  of  alpha- 
plnene  was  effocted  by  means  of  a special  odium,  shown 
In  Figure  4.  The  column  was  Insulated  and  the  Jacket 
could  be  maintained  to  t S°  F at  a pre-set  temperature 
by  using  a thermocouple-controlled  pyrometer  (Honeywell, 
Brown  Fy-O-Vane).  The  pot  was  off-set  to  prevent  back 
flow  and  re-oy cling  of  reactant  and  products,  and  was 
heated  to  about  150°  C.  The  reactant  vapor  was  swept 
through  the  pyrolysis  tube  by  means  of  a constant  flow 
of  dry,  oxygen-free  nitrogen.  To  measure  accurately 
the  flow  of  gas,  a rotameter  (Tru-Taper,  4-15-2,  Ace-Glass) 
was  installed  and  calibrated.  Nitrogen  flow  was  maintained 
at  225  oc/mlnute,  and  the  gas  was  dispersed  In  the  liquid 
through  a fritted  glass  cylinder.  Airco  pre-pu rifled 
nitrogen  was  used,  and  traces  of  oxygen  were  removed  by 
passing  the  gas  through  a glass  tube,  filled  with  fine 
oopper  filings,  thoroughly  cleaned  and  heated  to  about 
350°  C. 

Procedure . A 300  ml  portion  of  pure  alpha-plnene 
was  placed  In  the  pot,  care  being  taken  to  exlude  oxygen. 
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I.  Apparatus  for  Vapor 
Alpha-Plnene. 


Pyrolysis  of 
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The  nitrogen  was  allowed  to  bubblo  through  while  the 
pot  and  column  temperatures  caije  up  to  the  desired 
value.  The  white  vapor  of  alpha- pinone  and  products 
was  carried  through  two  Friedrichs  condensers.  The 
vapor  that  condensed  and  was  collected  during  the  warm-up 
period  or  between  temperature  settings  was  discarded. 

Forty  ml  samples  were  collected  at  each  reaction 
temperature . 

Identification  of  Products.  The  samples  were 
analyzed  by  gas  chromatography,  using  the  dl-lso-deoyl 
phthalate,  C-foot  column.  Six  components  were  detected: 
unreacted  alpha-pin eno,  dlpentene,  oclmene,  allo-ooimene, 
alpha  and  beta  pyronenes.  For  typical  runs  Figure  S 
shows  the  effeot  of  temperature  of  pyrolysis  on  the 
products  formed.  At  low  temperatures,  only  oclmene  and 
dlpentene  are  formed.  At  higher  temperatures,  oclmene,  di- 
pentene  and  allo-oolmene  are  formed.  Finally,  at  very 
high  temperatures,  dlpentene,  allo-oolmene  and  pyronenes 
are  fomed.  No  high-boiling  components,  such  as  allo- 
oclmene  dimers  were  detected  at  any  temperature.  The 
analysis  for  high-boiling  compounds  was  oarried  out  by 
gas  chromatography  using  a silicone  oil  oolumn  at  250°  C. 

At  this  point  it  Is  Interesting  to  note  that  only  two 
isomors  of  allo-ocimene  are  produced,  and  that  one 


Approximate  rtetension  Times.  Alpha-Pinene:  3.8  minutes. 
Ocimene:  6 minutes.  Dlpentene:  6.2  minutes.  Allo-oclmene 
A:  9.8  minutes.  Allo-oclmene  B:  10.2  minutes.  Pyronenes: 
4.1-5  minutes. 
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FIGURE  5.  Chromatograms  Slowing  the  Effect  of 
Temperature  on  the  Vapor-Riase  Pyrolysis  of  Alpha-Pinene. 


is  predominant  at  low  temperatures,  while  more  and  more 
of  the  other  isomer  appears  as  the  pyrolysis  temperature 
is  Increased. 

Llould-Hiase  Isomerization  of  Alpha-Plnene 

Apparatus ; Sealed  reaotlon  tubes.  Pyre*  Brand 
glass  tubes  3.30  ran  outside  diameter,  1.68  mm  Inside 
diameter,  150  mm  long  were  sealed  off  and  rounded  at 
one  end,  while  the  other  end  was  fire-polished.  The  tubes 
were  first  placed  In  an  annealing  oven  to  burn  off  any 
organic  material,  and  then  a strong  stream  of  nitrogen  was 
blown  in  (using  a 0-lnch  syringe  needle).  Thus  the  tubes 
were  effectively  oleaned  and  filled  with  nitrogen  by  blowing 
out  the  air  and  oapping  with  a rubber  oover. 

The  tubes  were  filled  with  l/lOth  ml  alpha-pinene, 
under  a nitrogen  blanket.  Each  filled  tube  was  connected 
to  a vacuum  line  at  0-1  ran,  through  a cold  trap  and  a 500 
ml  flask.  The  tube  was  first  connected  to  a 00  rubber 
stopper,  which  In  turn  was  attached  to  a flexible  heavy 
gauge  rubber  tubing  which  led  to  the  flask.  A two-way 
stopcock  between  the  cold-trap  and  flask  was  used  either 
to  exhaust  or  admit  air.  Both  the  flask  and  the  tube 
wore  evacuated  at  the  same  time,  gradually,  and  this 
prevented  the  oontents  from  being  sucked  out.  As  soon 


as  the  tube  was  completely  evacuated  (as  indicated  by 
the  Ziranerli  gauge)  it  was  sealed  by  collapsing  the  wall, 
about  1 cm  above  the  surface  of  the  liquid  with  an  oxygen 
blovtoroh. 

Air-Bath:  The  filled  tubes  were  reacted  in  a Temco 

oven  theraostatted  by  a Mlnneapolis-Honeyvell  controller. 

Identification  of  Products.  The  same  products  were 
observed  in  the  liquid  phase  pyrolysis  as  in  the  vapor 
phase  pyrolysis,  with  the  exception  that  high  boiling 
components  were  foraed  even  at  low  temperatures. 

The  precaution  was  always  taken  to  break  an  un reacted 
sealed  tube  and  analyze  its  contents,  to  ensure  that  the 
sealing  process  did  not  form  any  products.  The  effect 
of  the  temperature  on  alpha- pinene  in  sealed  tubes  in  the 
liquid  phase,  for  typical  runs,  is  shown  in  Figure  6. 

Oclmene.  In  1909,  Uawklns  and  Burris  (42)  claimed 
to  have  prepared  oclmene  by  the  vapor  phase  isomerization 
of  alpha- pinene.  Further  work  in  this  laboratory  by  another 
investigator  showed  that  this  method  was  difficult,  and 
results  hard  to  reproduce. 

The  relatively  simple  apparatus  for  toe  vapor  phase 
isomerization  of  alpha-pinene  described  in  this  chapter, 
affords  a very  convenient  means  of  preparing  large  quantities 
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Approximate  Retenslon  Times.  Alpha-Plnene:  3.8  minutes. 
Ooloeno:  6 mlnut03.  Dipen tene : 6.2  minutes.  Allo-ocimene 
A:  9.8  minutes.  Allo-ocimene  B:  10.2  minutes. 

Pyronenes:  4-5  minutes. 
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FXGUItE  6.  Chromatograms  Shoving  the  Effect  of 
Temperature  on  the  Liquid-Phase  Pyrolysis  of  Alpha-Plnene. 
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of  oclmene.  It  will  be  observed  from  Figure  G that 
oclmene  is  produced  at  the  following  temperatures:  400° 
and  482°  C.  The  residence  time  of  oclmene,  the  precursor 
of  allo-oclmene  in  the  pyrolysis  column  is  very  small, 
and  in  spite  of  the  short  half-life  of  oclmene  at  high 
temperatures,  some  of  it  survives  and  can  be  isolated. 
However,  the  study  of  oolmene  is  beyond  the  scope  of  this 


CHAPTER  IV 


PREPARATION  AND  PURIFICATION  OK  ALLO-OCIMENE  ISOMERS 

After  a thorough  Investigation  of  the  conditions 
which  produced  allo-ocimene  from  the  liquid  and  vapor 
phase  pyrolysis  of  alpha-pinene,  it  could  be  concluded 
that  only  two  isomers  were  formed.  Several  samples  of  the 
Isomer  mixture  were  forwarded  to  other  laboratories  for 
analysis,  and  it  was  reported,  without  exception,  that 
only  two  components  could  be  deteoted  and  resolved.  The 
samples  were  sent  to  the  Clidden  Co.,  Jacksonville;  usda 
Olustee;  Van  Ameringen-Haebler  Inc.,  N.  Y. ; and  the  Hercules 
Powder  Co.  The  analyses  were  mainly  chromatographic  and 
spectroscopic.  Dr.  H.  Hunt  of  the  Clidden  Co.,  performed 
analyses  by  gas  chromatography  using  100-foot  long  capillary 
columns,  ordinary  columns  with  different  liquid  phases, 
and  temperature  programing. 

Some  further  conclusive  evidence  that  only  two  isomers 
appear  under  the  special  conditions  of  preparation  described 
in  the  previous  chapter,  is  the  fact  that  there  exists  a 
one-to-one  correspondence  between  physical  properties  and 
chromatograms.  In  the  course  of  separating  the  Isomers  by 
distillation,  whenever  the  chromatograms  showed  one  peak 
only,  representing  one  isomor,  the  refractive  index,  density 
and  infrared  spectra  remained  unchanged.  The  refractive 
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index  does  not  appear  to  be  the  best  criterion  with  regard 
to  purity  of  the  isomers,  the  reason  being  that  allo-ocioene 
is  very  sensitive  to  oxygon  contamination.  Even  a short 
exposure  to  air  produoes  an  appreciable  change  in  the 
refractive  index.  This  fact  and  the  incomplete  separation 
of  the  two  isomers  nay  be  responsible  for  the  variation  in 
the  constants  for  the  two  isomers.  However,  provided  the 
compounds  are  chroma tograpbioally  pure,  it  was  found  that 
the  values  are  reproducible  if  care  is  taken  to  exclude 
oxygen.  The  precautions  must  go  as  far  as  filling  a flask 
with  nitrogen  prior  to  introducing  the  pure  liquids,  or 
saturating  a solvent  with  nitrogen  before  using  it  to 
make  a solution.  In  a very  dilute  solution,  the  dissolved 
oxygen  reacts  with  allo-ooimene  altering  the  concentration. 
This  fact  was  observed  in  dielectric  constant  measurements. 

The  vapor  phase  pyrolysis  of  alpha-pinene  was  chosen 
as  the  most  convenient  method  of  preparing  the  Isomers. 

Urge  quantities  of  the  reactant  could  be  pyrolysed  with 
ease  at  a pre-deterained  temperature,  and  the  yield  was 
good.  The  liquid  phase  pyrolysis  is  not  desirable  because 
a side  reaction,  polymerisation,  removes  the  isomers, 
reducing  the  yield. 

The  carefully  purified  alpha-pinene  was  pyrolysed 
in  five-liter  batches  in  tho  apparatus  already  described. 
Although  at  low  temperatures  this  method  gives  one  isomerio 
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form  exclusively,  a temperature  was  chosen  that  vould 
produce  both  forms  in  the  proportion  of  3:2.  This 
procedure  was  adopted  since  the  higher  boiling  form 
could  not  be  formed  by  itself  from  alpha-pinene  under 
any  circumstances.  Mixtures  of  the  two  isomers, 
approximately  equimolar,  could  not  bo  separated  with 
the  most  efficient  column,  but  a mixture  with  about 
60  percent  or  more  of  either  component  could  give  a small 
amount  of  both  forms  in  very  pure  state. 

The  short  distillation  column  was  used  to  strip 
the  unreacted  alpha-pinene  and  dipentene  from  the 
pyrolysis  products,  leaving  a mixture  of  the  two  isomers. 
About  five  liters  of  this  mixture  was  collected  from 
successive  pyrolysis  runs.-  The  long  fraotlonatlon  column 
was  used  to  separate  a small  amount  of  the  two  isomers 
in  the  five-liter  mixture.  This  last  distillation  was 
very  slow,  its  duration  being  about  nine  days.  Prom  the 
five  liters  of  the  mixture,  about  400  ml  of  one  Isomer 
and  about  300  ml  of  the  other  were  isolated. 

The  purity  of  each  Isomer  was  95  percent,  the  5 
percent  being  the  other  fora  (determined  ohroma to graphically) . 
Further  purification  was  attempted  by  fractional  freezing. 
Special  apparatus  was  built  for  this  purpose,  and  is  shown 
in  Figure  7.  The  double-walled  container  was  imuersed 
in  a dry  ice-aeetone  mixture,  and  the  material  was  cooled 
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slowly,  with  mechanical  agitation.  When  about  more  than 
half  of  the  material  crystallized  (fine  white  crystals), 
the  liquid  phase  was  removed.  Plowing  nitrogen  provided 
a continuous  blanket  at  all  times  over  the  liquid  to 
prevent  moisture  condensation  and  oxygen  contamination. 

Each  form  was  subjected  to  this  final  purification,  giving 
a product  98  percent  pure.  The  hi^ily  purified  isomers 
were  kept  In  specially  constructed  flasks  with  ground-glass 
joints,  the  male  joint  being  part  of  the  flask.  This 
prevented  the  taper  grease  from  getting  Into  the  liquid. 


CHAPTER 


PHYSICAL  PROPERTIES  OP  ALLO-OCIHENB 


Bolling  Point 

The  Lolling  points  of  the  two  Isomers  were  determined 
by  an  extrapolation  of  the  plateaus  In  the  plots  of  the 
vapor  temperature  versus  the  volume  percent  distilled  In 
a distillation  of  the  pure  compounds.  The  temperature 
was  recorded  with  the  Brown  Electronlk  Instrument  mentioned 
before,  using  thermocouples  In  a silicone  oil  well  at  the 
distilling  head.  The  recorder  was  calibrated  at  the  ice- 
point  and  boiling  point  of  water,  MBS  tin  (freezing  point 
231.9°  C),  and  at  other  points  using  a National  Bureau 
of  Standards  thermometer.  The  pressure  was  maintained 
at  20  mm  *_  .2  mm  with  the  regulator  already  described. 

The  boiling  points  were  as  follows:  Form  A,  89.0°  C; 

Form  B,  91.0°  C. 

Refractive  Index 

The  refractive  index  of  each  fora  was  determined 
with  a Bausch  and  Lomb  Abbe-type  refractometer.  The 
temperature  was  kept  at  28.0°  ♦ .01°  C by  circulating 
water  from  a constant  temperature  bath.  Temperature 
variations  were  noted  with  a Beckmann  differential 
thermometer.  A National  Bureau  of  Standards  thermometer 
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Has  used  to  record  the  temperature  of  the  bath.  Isomer 
A had  a refractive  index  of  1.5415,  and  isomer  B had  a 
value  of  1.5420.  The  refractive  indices  Here  also 
determined  at  20.0°  C *_  .05°  C and  Here:  Form  A:  1.5443; 
Form  B!  1.5455. 


The  usual  pycnometers  with  capillary  necks  Here 
unsatisfactory  for  very  accurate  density  determinations. 

A Lipkln  type  (43)  pycnometer  Has  found  very  useful,  and 
all  determinations  Here  made  with  it.  Several  pycnometers 
of  this  type  Here  purchased  from  the  Ace  Glass  Co.,  Vineland, 
N.  J.  The  advantage  of  this  pycnometer  is  that  loss  by 
evaporation  is  avoided  due  to  the  slou  rate  of  diffusion 
through  the  partially  filled  oapillary  arms.  The  area 
of  exposure  to  oxygen  is  also  negligible,  especially  if 
the  open  ends  of  the  capillaries  are  blanketed  in  nitrogen, 
as  they  Here.  A small  change  that  Has  made  on  the  pycnometer 
Has  to  elongate  the  hook  on  the  filling  side  by  attaching 
a 6 cm  long  capillary.  This  permitted  an  easier  filling 
of  the  bulb  vhen  the  capillary  Has  dipped  into  the  liquid. 

The  pycnometer  filled  fairly  rapidly  vhen  dilute  solutions 
vere  used,  but  a suction  bulb  Has  needed  for  more  viscous 
pure  compounds. 
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The  pycnometer  used  in  these  determinations  was 
calibrated  with  freshly  distilled  water  free  from  air, 
and  was  then  checked  with  very  pure  benzene.  It  had  a 
capacity  of  about  10  ml.  The  calibrations  were  oarrled 
out  at  20°  C and  20°  C.  The  pycnometer  was  calibrated 
by  obtaining  the  volumes  at  20°  C and  25°  C of  water 
(freshly  distilled,  free  from  air)  at  different  points 
on  the  scales  of  the  pycnometer.  At  20°  0 the  volume 
was  calculated  by  dividing  the  weight  of  water  by  .96823 
(44),  while  at  25°  C the  volume  was  found  by  dividing  by 
.99707  (44).  Calibration  curves  were  then  drawn,  plotting 
the  sum  of  the  scale  divisions  on  both  aims  as  the  abscissa 
and  the  volume  in  milliliters  as  the  ordinate.  The 
calibration  data  are  given  in  Table  2,  while  the  calibration 
curves  for  the  pycnometer  at  the  two  temperatures  are 
given  in  Figure  8.  However,  in  order  to  read  the  volumes 
to  four  decimal  places,  the  curves  actually  used  were 
plotted  on  cross  seotion  millimeter  coordinate  paper  of 
one  square-meter  size. 

A sealed  counterpoise  was  used  to  compensate  for 
buoyanoy  of  the  air.  A correction  factor  of  |.0012  * (1-D0)J 
(43)  was  added  to  the  observed  density  at  20°  C to  correct 
all  weights  to  vacuum,  where  D„  is  the  density  in  air.  At 
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25°  C the  weights  were  oorreoted  to  vacuum  by  using  the 
W - V (1.0012)  V-l 

equation  where  W Is  the  weight  In  vacuum,  and  W»  Is  the 
weight  on  the  pan. 

Cheek  points  on  the  water  calibrations  were  made 
with  very  pure  benzene.  The  densities  of  benzene  at  20.0 
and  25.0°  C agreed  with  the  values  of  .8789  and  .8737 
respectively,  reported  by  Timnemans  (4S). 

The  densities  of  the  two  Isomers  at  20.0°  were  as 
follows:  Form  A,  .8097;  Form  B,  .8113.  At  25°  C the 

values  wore:  Form  A,  .8055;  Form  B,  .8071. 

Dielectric  Constants 

The  dielectric  constant,  e,  of  a substance  la  defined 
as  the  ratio  of  the  capacitance,  C,  of  a condenser  rilled 
with  the  material  between  the  plates,  to  that  C0,  of  the 
oondenser  with  a vacuum  between  the  plates.  Thus  the 
determination  of  dielectric  constants  consists  In 
capacitance  measurements  and  the  Scherlng  Bridge  method 
(46)  was  used  for  this  purpose.  The  bridge  was  a General 
nadlo  Company  Type  716-C,  consisting  of  a measuring  cell 
and  a precision  capacitor.  The  power  souroe  for  the  bridge 
was  a General  nadlo  Company  Type  1302-A  oscillator.  The 
measurements  were  made  at  two  frequencies:  80  and  90  kc. 
The  balance  of  the  bridge  was  detected  with  a Tektronix 
Type  541 -A  oscilloscope. 


The  capacitance  cell  used,  model  2TN50,  vas  manufactured 
by  Balsbaugh  Laboratories,  Marshfield  Bills,  Mass.  Through- 
out the  measurements  it  vas  kept  in  a constant  temperature 
bath  held  to  within  + .01°  c of  the  preset  temperature. 

The  total  capacity  of  a cell  can  be  expressed  by 
the  following  relation: 

c " eCo  * °L  V-2 

where  C is  the  total  measured  capacltanoe,  CQ  is  the 
replaceable  capacitance,  is  the  residual  capacitance, 
and  e la  the  dielectric  constant  of  the  material  in  the 
oell. 

4 standardization  was  perforaed  with  air  and  very 
pure  benzene,  and  the  constants  in  the  above  equation  were 
thus  determined.  The  calibrations  at  30°  and  25°  C were 
checked  with  pure  carbon  tetrachloride  for  which  the 
dielectrio  constants  found  were  2.2419  and  2.2216 
respectively.  The  literature  values  (45)  are  2.2488  and 
2.227.  The  values  of  e used  for  pure  benzene  were  2.2825 
and  2.2725  (45). 

The  physical  constants  of  the  solvents  used  were 
detemined  and  found  to  be  as  follows:  Benzene  at  20°C, 
d-.8790,  nD=  1.5011;  at  25°  C,  d=.8737,  n„-1.4B79.  Carbon 
tetrachloride  at  20°  c,  d-1.6941,  nD-l.4603;  at  25°  C, 
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d-1.5845,  njj-1.4573.  The  so  values  are  In  close  agreement 
with  those  reported  by  other  investigators. 

Instead  of  using  equation  V-2,  with  the  evaluated 
constants  at  each  temperature,  the  following  equations 
were  used  to  calculate  e directly  from  the  experimental 
measurements. 

At  20°  C: 

• * * * 0.2«as)-^rT- 

At  25°  Ci 

. - 1 . (i.ara>-!^-§-  M 

where  O'  is  the  capacity  with  the  material  in  the  oell,  0 
is  the  capacity  with  nitrogen  in  the  cell,  and  C*  is  the 
capacity  with  benzene  in  the  cell.  The  two  equations  are 
derived  from  relation  V-2  by  solving  simultaneously  the 
equations  with  nitrogen  in  the  cell  and  with  benzene 
(e-2.2725  and  e-2.2828  respectively  at  the  two  temperatures) 
in  the  cell. 

The  cell  was  thoroughly  cleaned  with  absolute  ethanol, 
aoetone  and  then  dried  over  a bunsen  burner  before  eaoh 
run.  It  was  oooled  under  a stream  of  nitrogen  to  avoid 
moisture  condensation  on  the  inside  walls.  All  transfers 
of  liquids  wore  made  under  a blanket  of  nitrogen  to  prevent 
oxygen  contamination.  The  taper  at  the  neck  of  the  oell 
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vas  slightly  greased  with  Kel-F  grease  to  ensure  an  air- 
tight connection  after  about  25  ml  of  liquid  had  been 
pipetted  in  it  and  nitrogen  blown  gently  oyer  the  solution. 
The  advantage  of  the  Kel-F  grease  is  that  it  can  be  removed 
easily  and  completely  with  acetone. 

The  dielectric  constants  for  the  two  pure  isomeric 
forms  of  allo-oclmene  were  calculated.  The  values  at 
20°  C are:  Isomer  A,  2.5140;  Isomer  B,  2.5792.  At  25°  C 

the  values  are:  Form  A,  2.4971;  Pom  B,  2.5028. 

Dipole  Moments 

The  dipole  moment  is  an  important  structural 
characteristic  of  a molecule.  For  the  isomers  the  dipole 
moments  were  calculated  at  two  temperatures  from  the 
dielectric  constants  and  other  data  of  dilute  solutions 
in  a nonpolar  solvent. 

Preparation  of  solutions.  The  solutions  were  prepared 
by  weight.  All  transfers  were  made  under  nitrogen  to 
exclude  oxygen,  small  traces  of  which  interfered  with 
measurements.  When  this  precaution  was  not  observed, 
results  in  dielectric  constant  determinations  were 
inconsistent.  Ilowever,  when  care  was  taken  to  saturate 
the  benzene  used  in  the  solutions  with  nitrogen,  to  exolude 
air  from  the  cell,  and  to  discard  each  used  portion  of  the 
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solution,  the  results  were  consistent  and  reproducible. 
Otherwise  considerable  scattering  of  experimental  points 
occurred.  The  data  on  the  solutions  are  given  in  Table  3. 

Densities  of  toe  solutions.  The  data  for  density 
determinations  are  given  in  Tables  4 and  5.  In  toe  same 
tables  will  be  found  toe  refractive  indices  of  toe  solutions. 
All  weights  were  corrected,  and  the  same  procedure  was 
followed  as  outlined  before.  Bach  portion  of  a solution 
that  was  used  in  density  determinations  was  discarded. 

Dielectric  constants  and  refractive  indices  of  toe 
solutions  were  obtained  as  mentioned  in  previous  sections. 

The  dielectric  constants  of  toe  solutions  for  toe  two 
isomers  at  two  temperatures  are  given  also  in  Tables  4 
and  5. 

Method  of  Treating  Data.  The  usual  procedure  in 
finding  dipole  moments  from  data  on  dilute  solutions  is 
the  extrapolation  of  toe  polarizations.  The  method  used 
here  is  a direct  mathematical  extrapolation  of  toe  dielectric 
constant  and  density  data.  Iledestrand  (47)  assumed  that 
in  dilute  solutions  toe  dielectric  constants  and  densities 
are  linear  functions  of  the  mole  fraotion.  That  is,  the 
following  relations  holdi 

®12  " ®l<1  * «-°2)  V-S 

d12  ’ M1  * P°2>  T-6 


DATA  ON  SOLUTIONS  FOn  DIPOLE  MOMENT  DETERMINATIONS 


Solution 


Weight  In  Crams  Hole  Fraction 


.7714  43.7512 
1.5070  43.7561 
5.3114  43.7497 
3.2332  43.8017 
1.0055  43.8307 


.0101  .9899 
.0202  .9798 
.0294  . 9706 
.0406  .9594 
.0498  .9502 


Solution 

No. 


1- B-3 

2- B-3 

3- B-3 

4- B-3 

5- B-3 


Weight 


■Hag  ° 

.7034 

1.6002 

2.4127 

3.1973 

3.9852 


Benzene 

43.7693 

43.7362 

43.7453 

43.7339 

43.7580 
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where  the  subscripts  1,  2,  12  refer  to  the  pure  solvent, 
solute  and  solution  respectively,  o is  the  mole  fraotlon, 
and  « and  p are  constants.  The  values  calculated  for  the 
constants  ot  and  f3  from  the  mathematical  extrapolation 
of  density  and  dielectric  oonstant  data  are  given  in  Table 

TABLE  0 

VALUES  OF  CONSTANTS  « AND  g 


Compound  Temperature  oe  p 


Isomer  A 20 
Isomer  A 25 
Isomer  B 20 
Isomer  B 25 


.2236  -.1777 
.2575  -.1707 
.2720  -.1878 
.3172  -.1733 


That  equations  V-5  and  V-6  hold  is  seen  from  a few  typical 
plots  in  Figures  9-10. 

The  molar  polarization  of  the  solute  at  infinite 
dilution  was  obtained  by  using  a slightly  modified  version 
of  a relation  originally  dorivod  by  Ualverstadt  and  Kumler  (48). 
(ex  - l)(Ma  - Hxp)  3Mxex« 

P2o=  - (ex  * 2)dx  * (ex  * 2)\  T'7 


FIGUTtE  9.  Dielectric  Constant  of  Isomer  A and 
Isomer  B Solutions  In  Benzene. 


.8740 
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The  dipole  moment,  p,  was  calculated  by  using  the 
Debye  equation: 

p - .01281  z 10"18  [(P  - H^t]^  V-8 

Due  to  solvent  effects,  the  P2oo value  nay  be  In 
error,  affecting  the  dipole  moment  by  as  much  as  10  percent. 
Furthermore,  In  using  the  Debye  equation  we  have  neglected 
the  atomic  polarization,  which  is  assumed  to  be  small. 

The  total  polarization  of  a moleoule  Is  composed  of 
orientation  polarization,  electronic  polarization  and 
atomic  polarization,  or 

P ’ PA  4 PE  * p0  " f-!-!  -J-  - ■ + b/*  y-o 
vhich  is  the  abbreviated  Debye  equation  as  applied  to  a 
pure  substance.  The  determination  of  the  dipole  moment 
from  equation  V-9  is  then  possible  by  obtaining  a value 
for  b.  This  last  method  was  used  as  a rough  check  on  the 
other  procedure.  Figure  11  gives  the  plot  of  P versus 
1/T. 

The  dipole  moments  were  calculated  by  the  two  methods 
and  are  given  In  Table  7. 

Infrared  Spectra 

The  purest  isomeric  forms  of  allo-ooimene  were  used 
to  obtain  the  infrared  spectra.  The  spectra  were 
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58.00 


& 


b = 1833.33 
Pe(20<>  C)  = 53.14 
25.(25°  C)  - 53.18 


a ■ 56.05 
b = 2500 


Pg(20°  C)  = 53.13 
Pg(25°  C)  " 53.17 


(l/T)  x 103 
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TABLE  7 
DIPOLE  MOMENTS 

Dipole  Moment  in  Debye  Units 
I rom  Equation  V-8 

Tempera-  Calculated  Average  Equation 

ture Values Values V-g 

20  .51 


B 25  .64 


.55 

.64 


.54 
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with  a Perk in-Elmer  Model  137  Infracord  recording  Infrared 
spectrophotometer.  The  samples  were  held  In  a NaCl  cell 
of  .028  thickness.  The  spectra  of  the  two  forms  are 
reproduced  in  Figures  12  and  13. 

Ultraviolet  Spectra 

The  ultraviolet  spectra  were  obtained  by  means  of  a 
Bausch  & LoDb  "Spectronlo*  Model  606  recording  spectro- 
photometer. 

Spectroscopic  grade  isooctane  was  found  satisfactory 
for  preoise  measurements  down  to  215  ran,  since  it  is 
transparent  In  the  range  In  which  the  material  absorbs 
strongly.  The  solutions  were  prepared  voluoetrioally  by 
measuring,  under  nitrogen,  five  miorollters  of  the  pure 
compound  Into  a stoppered  100-ml  volumetric  flask,  then 
filling  up  to  the  calibration  mark  with  isooctane.  The 
best  results  were  obtained  when  the  flask  was  about  full 
with  solvent  before  Introducing  the  Isomer.  A ten-mlorollter 
syringe  was  used  to  measure  the  solute.  Suooessive 
dilutions  were  then  made  to  give  solutions  of  6,  3,  1 and 
.5  mlcrollters  of  solute  per  100  ml  of  solution. 

The  spectral  range  of  Interest  In  the  ultraviolet 
measurements  of  the  Isomers  was  found  to  be  200-350 
millimicrons.  The  concentrations  of  the  two  isomers 
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were  as  follows:  isomer  A,  2.956  * 10'°  moles/liter; 

isomer  B,  2.962  x 10~fi  moles/liter.  Sinoe  the 
concentrations  are  known,  the  molar  extinction 
coefficient,  E,  can  be  calculated  from  the  equation: 

B » D/cl  V-10 

where  D is  the  optical  density,  or  absorbance,  defined 
by  the  equation 

D - los^do/D  Y-ll 

c being  the  concentration  in  moles/liter  and  "1*  the 
length  of  the  cell.  The  data  are  presented  in  Figure 
14  in  terms  of  absorbance  against  the  wavelength. 
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CHAPTER  VI 


THE  THERMAL  ISOMERIZATION  OP  ALLO-OCIMENE 


In  Chapter  III  it  was  established  that  Invariably, 
at  low  pyrolysis  temperatures.  Isomer  A was  produced,  and 
that  at  higher  temperatures  both  forms  occurred.  When 
separating  the  two  Isomers  by  distillation,  it  was  noticed 
that  the  refractive  index  of  the  distillate  gradually 
increased,  as  the  A form  was  removed  from  the  mixture. 

After  the  refractive  index  had  reached  a maximum,  it 
started  to  decrease.  At  first  this  was  attributed  to  some 
high  boiling  compounds  (such  as  dimers)  reaching  the 
fractionating  head.  Such  compounds  are  formed  during  the 
prolonged  heating  of  the  pot  mixture.  However,  a routine 
chromatographic  analysis  of  the  distillate  at  this  point 
indicated  that  the  amount  of  Isomer  A in  the  sample  was 
increasing.  This  curious  fact  could  be  explained  by 
assuming  that  Isomer  A was  being  reformed  from  B,  and 
perhaps  from  the  depolymerisation  of  the  dimers  (IS,  49). 

The  pot  temperature  never  exceeded  100°  C,  and  it  is  unlikely 
that  much  monomer  was  formed  from  the  polymer  at  this  low 
temperature,  since  prolonged  heating  at  230-300°  C is 


leaded 


effeot  very  slow  dissoc 
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In  view  of  the  facts  stated  above,  it  was  hypothesized 
that  the  pyrolysis  of  alpha-plnene,  at  all  temperatures, 
produces  Isomer  A which  then  forms  Isomer  B and  that, 
furthermore,  tho  reaction  is  reversible.  To  test  this 
hypothesis,  reaction  tubes  containing  only  pure  A or  B 
were  prepared  according  to  the  procedure  previously  outlined. 
These  tubes  were  heated  at  different  temperatures  for 
varying  lengths  of  time  in  a thermostated  air-bath.  Several 
runs  were  made,  and  a typical  run  starting  with  pure  A is 
shown  in  Figure  15.  A typical  run  starting  with  pure  B is 
also  shown  in  Figure  16.  Some  dimer  forms  in  the  liquid 
phase  isomerization  of  allo-oolmene,  and  a separate  analysis 
was  made  to  determine  its  presence.  The  dimer  bolls  in  the 
range  of  173-176°  C at  S can  Ug  and  a special  high  temperature 
silicone  oil  chromatographic  oolumn  was  prepared  and  used. 

The  next  stage  in  this  work  was  to  study  kinetloally 
the  reversible  isomerization  of  the  isomers,  and  to  determine 
the  rate  constants  and  activation  energies.  For  various 
reasons,  it  was  not  possible  to  carry  out  the  reaction  in 
the  vapor  phase.  The  vapor  phase  isomerization  does  not 
produce  any  dimers  or  have  complicating  side  reactions,  so 
that  the  process  would  probably  be  a simple  reversible 
first  order  one. 


01 


Approximate  Retenslon  Tines.  Alpha-Plnene : 3.8  minutes. 
Allo-ociuene  A:  9.8  minutes.  Allo-ocimene  B:  10.2  minutes. 
Pyronenes:  4-5  minutes. 
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FIGURE  15. 
Dciraene  A. 


Chromatograms  Shoving  the  Influence 
the  Liquld-Hutse  Isomerization  of 
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Approximate  P.etenslon  Tines.  Allo-oclnene  A:  9.8  minutes. 
Allo-ocimene  B:  10.3  minutes.  Pyronenes:  4-S  nlnutes. 


rTGURE  16. 
of  Temperature 
Allo-Oolmene  B. 


natograms  Showing  the  Influence 
Liquid-Phase  Isomerization  of 


Seal ad  Reaction  Tubes  and  Bath 

The  same  procedure  as  that  detailed  in  Chapter  III 
was  used  to  prepare  and  fill  the  sealed  reaction  tubes, 

A special  silicone  oil  bath  was  constructed  for  the  kinetic 
runs.  It  consisted  of  a pyrex  jar  holding  about  6 liters 
of  silicone  oil,  and  it  was  insulated  with  asbestos  and 
vermlculite.  The  cylindrical  container  was  convered  with 
a perforated  aluminum  plate,  to  admit  the  reaotion  tubes, 
stirrer,  thermoregulator  and  heaters. 

The  operating  temperatures  ranged  from  180-210°  C, 
and  some  difficulty  was  experienced  in  finding  a thermo- 
regulator  that  would  operate  satisfactorily  at  these 
temperatures.  The  Princo  "Magnaset",  -35  to  300°  C, 
purchased  from  the  Precision  Thermometer  S Instrument  Co., 
Philadelphia,  proved  suitable  for  this  work.  The  bulb 
of  the  thermoregulator  was  Immersed  in  the  silicone  oil 
bath  to  a depth  sufficient  to  prevent  the  mercury  from 
distilling  up  to  the  cup  and  then  down  the  capillary  tube 
containing  the  contact  wire,  thus  changing  the  temperature 
setting.  Temperature  control  was  maintained  to  « .1  for 
any  length  of  time.  To  prevent  heat  conduction  from  the 
bath  to  the  motor  through  the  stainless  steol  stirrer,  a 
rigid  bakelite  coupling  was  used  to  connect  stirrer  to 
motor.  The  thermometers  used  were  calibrated  by  the  C.  S. 


Bureau  of  Standards,  and  fluctuations  vere  noted  with  a 
Beckman  differential  thermometer  with  a scale  in  hundredths 
of  a degree.  A 450-watt  heater,  and  a Glo-Quartz  400-watt 
heater  were  used  to  bring  the  bath  fluid  up  to  the  desired 
temperature.  At  that  point  the  450-watt  heater  was 
disconnected  and  the  quartz  heater,  attached  to  a sensitive 
relay  through  a Variac,  was  used  to  keep  the  temperature 
at  the  desired  position. 

The  General  Electric  SF-96(50)  Silicone  Fluid  was  used 
for  the  bath.  At  the  highest  temperature  of  the  kinetic 
runs,  210°  c,  the  fluid  "smoked”  and  during  the  average 
length  of  a run,  say,  twelve  hours,  enough  oil  evaporated 
to  lower  the  level  appreciably.  However,  it  was  not 
necessary  to  add  new  oil  in  the  course  of  a particular  run. 

The  quantitative  Determination  of  Allo-Ocimene-Dlmer  Mixtures. 

All  quantitative  work  was  done  with  a Perkin-Elmer 
vapor  phase  chromatography  apparatus.  In  gas  phase 
chromatography,  the  area  under  each  peak  represents  a 
direct  measure  of  mole  percent  concentration,  since  thermal 
conductivity  la  linear  with  number  of  molecules  present. 

This  is  true  if  we  assume  a constant  signal  in  the  detector 
for  each  component,  and  if  helium  is  used  as  a oarrier  gas. 
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So  attempt  was  made  to  calibrate  the  column  by 
measuring  ratios  of  peaks  at  varying  concentrations  of  the 
isomers,  beoause  the  peak  height  is  very  sensitive  to 
changes  of  temperature.  The  temperature  regulation  In 
the  oven  was  not  adequate  either  to  maintain  or  reproduce 
temperature  settings.  The  area  under  each  peak  is  directly 
proportional  to  the  concentration  of  each  component,  and 
hence  this  area  relationship  was  used  for  calculating  mole 
fraotlons  of  each  component.  Peak  areas  can  be  calculated 
by  integration,  and  there  are  many  ways  of  doing  this. 

The  vapor  fractometer  did  not  include  an  automatic  integrator, 
and  the  planlmeter  method  was  used  to  ovaluate  areas.  The 
planlmeter  was  a Keuffel  d Baser  Ilodel  4242,  with  adjustable 
pole  and  tracer  arms. 

The  advantage  of  using  areas  is  that  results  are 
independent  of  instrument  parameters.  The  quantitative 
analysis  can  be  made  directly  on  each  recording  without 
the  necessity  of  knowing  instrument  settings,  calibration 
constants  or  plots.  This  cannot  be  achieved  with  other 
methods  of  analysis. 

The  column  was  calibrated  by  making  up,  by  weight, 
known  mixtures  of  the  two  isomors.  A constant  volume  one 
microliter,  was  injected  in  the  instrument  with  a Hamilton 
ten-microliter  syringe  with  the  Chaney  adaption  (Hamilton 
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Co.,  Whittier,  California).  The  best  method  of  area 
assignment  is  shown  in  Figure  17  from  data  of  a typical 
run.  Table  8 shows  the  close  agreement  of  the  chromato- 
graphic analyses  with  the  absolute  method  of  weighing. 

To  ensure  that  the  agreement  was  not  accidental,  several 
calibrations  were  made  using  the  same  method  of  area 
assignment.  The  results  were  consistent. 

The  volume  of  one  mloroliter  was  adopted  for  all 
runs  because,  for  this  amount,  areas  wore  in  scale  at 
full  sensitivity  even  when  a single  pure  component  was 
used  (producing  the  maximum  height). 

The  problem  of  the  determination  of  total  dimer 
concentration  In  the  mixtures  required  special  consideration. 
It  was  not  practicable  to  make  separate  chromatographic 
analyses  for  the  dimers  formed.  Fortunately,  it  was 
observed  that  when  a constant  volume  of  allo-oolmene- 
dimer  mixture  was  analyzed,  the  dimer  concentration  could 
be  determined  simply  by  subtracting  the  area  of  the  reacted 
mixture  from  the  area  of  pure  isomers.  Since  the  dimers 
had  such  a high  boiling  point,  they  were  retained  In  the 
injection  block,  so  that  only  the  isomers  in  the  mixture 
actually  went  through  the  column  and  were  recorded  In  the 
chromatogram.  The  total  dimer  concentrations  determined 
by  this  method  checked  very  closely  with  the 


values  reported 
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Chromatograms  of  Allo-ocimene  A 
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(26)  for  all  points.  Pugultt 

sentratlon  from  weights  of 
olxture  by  distillation. 


Procedure  for  Kinetic  nuns 

A preliminary  run  was  made  at  eaoh  temperature  to 
determine  the  approximate  period  of  heating.  Kinetlo  runs 
were  studied  at  four  temperatures:  189.5,  200,  204.5  and 

210°  C.  At  each  temperature  a minimum  of  two  Independent 
runs  was  made,  and  the  starting  material  for  each  run 
consisted  of  tubes  with  pure  A,  pure  B,  and  two  mixtures 
of  A and  B;  one  mixture  with  about  3:1  of  A:B,  and  another 
with  about  3:1  of  B:A.  Thus  four  tubes  were  necessary 
for  each  time  Interval  for  eaoh  independent  run.  Reaction 
tubes  were  filled  with  a constant  amount  of  about  l/lOth 
ml  of  the  pure  Isomer,  and  sealed  as  previously  described; 
to  avoid  confusion,  each  tube  was  tagged.  All  the  tubes 
for  a particular  run  were  Immersed  simultaneously  in  the 
bath,  and  there  was  no  problem  of  heating  lag,  as  the 
tubes  were  small  and  thln-walled.  Time  was  measured  with 
a Standard  Electric  Timer  (Springfield,  Mass.)  showing 
elapsed  seconds,  and  a stopwatch.  At  the  end  of  a certain 
time  Interval  tubes  were  withdrawn  from  the  bath  and 
Immediately  sprayed  with  acetone.  This  tr 
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quenched  the  tubes  almost  instantaneously,  and  eliminated 
the  silicone  oil  on  tho  outside  of  the  tubes.  A reacted 
tube  was  immediately  placed  In  a freezer,  and  eventually 
cracked  open  under  nitrogen  and  analysed.  Without 
exception,  two  analyses  were  made  for  each  tube.  All 
samplos  injeoted  were  exactly  one  mioroliter  In  volume. 
Reproducibility  was  attained  by  adopting  a standard 
injection  technique.  All  areas  of  the  chromatograms 
were  determined  with  a polar  planlmeter,  and  at  least 
six  readings  of  an  area  were  taken  and  averaged.  For 
each  run,  one  tube  was  taken  through  all  the  filling  and 
sealing  operations  and  served  as  a control;  its  unreaoted 
contents  were  analyzed  and  the  area  equivalent  to  one 
microllter  of  this  tube  was  used  as  the  standard  area  for 
that  particular  run. 

Methods  of  Treating  Data 

The  data  from  the  chromatographic  analyses  consisted 
of  areas  computed  from  the  chromatograms.  The  area 
corresponding  to  each  individual  isomer  was  calculated  by 
subtracting  the  area  of  tho  isomer  present  in  a major 
amount  from  the  total  area.  The  way  of  assigning  areas 
has  already  been  discussed  in  the  seotion  on  the  calibration 
of  columns.  The  total  area  of  the  two  Isomers  was  then 
subtracted  from  the  standard  area  for  eaoh  run,  and  this 
gave  tho  area  for  total  polymer  concentration.  Since, 
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as  already  stated,  the  area  under  each  peak  represents 
a direct  measure  of  mole  percent  concentration,  the 
ratios  of  individual  areas  to  the  standard  area  gives 
directly  the  concentration  of  each  component  in  mole 
fraction  units.  A very  aocurate  manual  determination 
of  areas  with  a planlmeter  requires  repeated  measurements. 
At  least  six  tracings  were  made  and  averaged  to  increase 
the  accuracy  of  the  results.  Thus  over  1500  tracings 
were  necessary  for  all  kinetic  runs,  exlcuding  the 
preliminary  work.  A typical  determination  of  mole 
fractions  is  given  below  for  runs  B-IV,  in  which  pure 
B was  reacted  for  one  hour  at  204.5°  C.  The  standard 
area  for  those  runs  was  2.310  vernier  units;  the  total 
area  of  (A  ♦ B)  isomers  was  1.670  vu;  the  area  of  B 
isomer  was  1.560  vu,  so  that  by  subtraction  the  area  of 
A was  .11  vu,  and  that  Tor  total  dimers  .640  vu.  The  mole 
fractions  for  A,  B and  total  dimers  were  therefore  .048, 
.675  and  .277  respectively.  The  vernier  units  were  not 
converted  to  square  centimeters  or  square  inches  by  the 
appropriate  planlmeter  factor,  because  any  such  factor 
would  cancel  out  in  the  mole  fraotion  calculation. 

Another  method  of  treating  the  chromatogram  areas 
was  used  and  it  consisted  of  outting  and  weighing  the 
tracings.  Here  it  was  assumed  that  the  recording  paper 


was  of  uniform  composition.  This  procedure  was  used  In 


some  of  toe  preliminary  and  calibration  runs  and,  although 
toe  results  were  comparable  to  toe  planlmeter  method,  it 
was  excessively  time-consuming  and  hence  impractical. 

At  189. 5°  C three  independent  runs  were  made,  instead 
of  too  usual  two  at  other  temperatures.  The  reason  for 
this  was  to  check  toe  reproducibility  of  toe  data.  The 
precision  was  good,  and  since  there  was  no  way  of  telling 
which  run  was  more  accurate  than  any  other,  too  two  (or 
three  for  the  first  run)  wore  averaged  and  this  result  was 
used  in  toe  calculations. 

The  average  results  of  toe  analyses  for  toe  following 
runs  are  given  in  Tables  9-24. 

A-V-ab,A-VI  B-11-ab  AB-n-ab  AB-II I-ab  at  189.5°  C 

A- VII  -ab  B-in-ab  AB-IV-ab  BA-VII-ab  at  200°  C 

A-VIII-ab  B-IV-ab  AB-V-ab  BA-VIII-ab  at  204.5°  C 

A-XX-ab  B-V-ab  AB-VI-ab  BA-IX-ab  at  210°  C 

The  designations  for  toe  runs  are:  toe  first  capital 

letter(s),  such  as  A for  example,  means  that  pure  A was 
used  as  toe  starting  material;  B means  that  pure  B was 
the  starting  material;  AB  means  that  a mixture  of  A and  B 
was  used,  etc.  The  Homan  numerals  designate  the  run,  and 
toe  small  letters,  two  identical  independent  runs. 
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Plots  of  mole  fraotion  against  tine,  from  the 
data  In  Tables  9-24  were  made  and  are  given  In 
Figures  18-33.  Curves  were  drawn  through  the  points, 
then  these  normalized  curves  were  used  in  the 
calculations. 

Calculations 

From  the  normalized  curves,  24  tables  of  two 
variables  were  oonplled:  concentration  In  mole  fraotion 

units,  versus  tine  In  minutes.  In  order  to  obtain  the 
derivative  or  rate  -dy/dt,  where  y is  4 or  B,  an  optioal 
device  was  tried  at  first  and  then  graphical  differentiation 
was  usod.  Both  methods  proved  tedious,  time-consuming  and 
inaccurate.  For  example,  the  optioal  device,  consisting 
of  a right  prism  and  a half-silvered  mirror,  could  not  be 
used  to  obtain  initial  ratcB,  and  In  the  mathematical 
method  there  was  considerable  uncertainty  In  drawing  a 
smooth  curve  through  the  chords  Ay/At  to  obtain  the  rate 
as  a function  of  time. 

It  was  therefore  decided  to  derive  equations  that 
would  fit  the  experimental  curves,  and  then  simply  obtain 
the  derivatives  at  any  desired  points.  An  IBM  680  computer 
was  used  In  connection  with  this  method.  The  data  from  the 
24  tables  wore  used  as  the  Input  for  an  LS-1  programming. 
Concentration,  y,  was  regarded  as  the  dependent  variable 
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and  first,  second,  third  and  fourth  degree  equations 


wore  set  up  as  follows: 

r - a ♦ bt  VX-l 

r ■ »i  * V * °it2  vi-a 

r - “2  * v * °2tZ  ’ d2t3  VI-3 

r " a3  ♦ h3t  - o3t2  * d3t3  * e3t4  VI-4 


The  output  from  the  LS-1  programming  comprised  values 
of  the  constants  of  equations  VI-1  to  VI-4,  as  well  as  other 
statistical  criteria.  Tho  data  from  this  operation  were 
used  to  obtain  the  derivatives  and  their  logarithms.  The 
values  of  the  reaction  velocities  for  all  runs  are  given 
in  Tables  25-35.  The  tables  also  lnolude  the  time  and 
concentration  variables. 
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KINETIC  DATA  FROK  RONS  A-V-AB,  A-TI  AT  189.5°  C 


Concentration  In  Hole  Fraction  Units 


TABLE  10 

KINETIC  DATA  PtlOH  HUNS  A- VI I AT  200°  C 


Concentration  In  Mole  Fraction  Units 
-I,omer  A lBoagr_B Total  Dimers 
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TABLE  11 

KINETIC  DATA  PROM  RUNS  A- VII I AT  204.5°  C 


Reaction  Concentration  In  Mole  Fraction  Dnlta 

rune  in  Hours 

Isomer  A Isomer  B Total  Diners 


78 


TABLE  12 

KINETIC  DATA  FROM  RUNS  A- DC  AT  210°  C 


Reaction 
Tine  in  Hours 


Concentration  in  Hole  Fraction  Units 


■I?S"er  A Isomer  B Total  Diners 


970 

810 

071 

658 

408 

312 

2C6 


171 

104 


117 

229 

325 

385 
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TABLE  13 

KINETIC  BATA  PNOM  RUNS  B-II  AT  189.5°  C 


Reaction 
Tine  in  Ilou 


Concentration  in  Hole 
Isomer  A Iaoner  B 


Fraction  Pnita 
Total  Dimers 
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TABLE  14 

KINETIC  BATA  FROM  RONS  B-III  AT  200°  C 


Reaction 


Time  in  Hours 


8 

10 

11 

12 


.Concentration  in  Hole  Fraction  Onlts 


.Isomer  A 
.030 
.056 
.054 
.052 
.056 
.056 
.056 
.052 


052 

056 


jsomer  B Total  Dimers 


768 

581 

483 


346 

303 

286 


212 

191 


636 

658 

695 

714 

732 

749 
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TABLE  15 

KINETIC  DATA  PROM  RUNS  B-IV  AT  204.5°  C 


Reaction 
Tine  in  llours 


Concentration 
-j-ooner  A Ia?ff»r  B Total  Diners 


.030  .970  0. 

.048  .818  .134 

.048  .675  .277 

.052  .599  .348 

.052  . 522  . 426 

.050  .418  . 533 

.061  .338  .602 

.001  .303  .633 

.061  .277  .058 

.058  ,234  .703 

.061  .221  .714 

.056  .189  .752 
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TABLE  10 


KINETIC  DATA  FI10H  BUNS  B-V  AT  210°  C 


Concentration  In  Mole  Fraction  Units 


S3 


TABLE  17 

KINETIC  DATA  FROM  RONS  AB-II  AT  189.6°  C 


Concentration  In  Mole  Fraction  Pnlts 
Isomer  A Isomer  B Total  Dimers 


TABLE  18 

KINETIC  BATA  FROM  RONS  AB-IV  AT  200°  C 


Reaction 
Tine  in  Hours 


Concentration  in  Hole  Fraction  Units 
Isomer  A Isomer  B Total  Dimers 


715 

498 

362 


080 

078 


.273  0 

.238  .264 

.210  .428 

.197  . 535 

.178  .504 

.158  .660 

.145  .700 

.147  .715 

.153  .734 

.130  .774 

.131  .788 

.123  .798 
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TABLE  19 


KINETIC  nm  PROM  RUNS  AB-V  AT  204.5°  C 


Concentration  In  Mole  fraction  Unita 


KINETIC 


TABLE  20 

FROM  RONS  AB-VI  AT  210°  C 


TABLE  21 


KINETIC  BATA  PROM  RUNS  AB-III  AT  189.5°  C 


Concentration  In  M 


Fraction  Dnlta 

Total  Dimers 

0. 

.181 


370 

403 

49G 


618 


718 

727 

740 
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KINETIC  DATA  FROM  RUNS  DA-7II  AT  200°  C 


Concentration  In  Mole  Fraction  Unite 


IPOPer  A L»one.r  B Total  Dimers 


247 

ICO 

130 

100 

098 

091 

084 

074 

078 

058 

063 

056 


743 

584 

402 

372 

322 

280 


247 


580 

619 

643 

685 

695 

753 

760 

768 
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TABLE  23 

KINETIC  DATA  PROM  RTJNS  BA- VIII  AT  204.5°  C 


Reaction 
Tine  in  Hours 


Concentration 


743 

692 

597 

502 

448 

359 

301 


214 

208 

180 


Fraction  Units 


.Total  Dimers 


106 

234 

353 

420 


TABLE  24 

KINETIC  DATA  KltOM  HONS  BA- IX  AT  210°  C 


Reaction 
Time  in  Hours 


Concentration  in  Hole  Fraction  Pnits 
Isomer  A Isomer  B Total  Dimers 
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CHAPTER  VII 


DISCUSSION  OF  RESULTS 

Two  isomeric  fonts  of  allo-oclmene  were  prepared 
from  the  vapor- phase  pyrolysis  of  alpha-pinone . A 
thorough  and  extensive  Investigation  into  the  conditions 
of  preparation  of  allo-oclmene  did  not  yield  any  evidence 
at  all  that  there  are  any  more  than  two  isomers.  A sample 
of  a third  isomer  isolated  by  Small  (27)  was  analyzed 
chroma tographically  and  disclosed  it  to  bo  a mixture 
of  the  two  forms  A and  B,  as  mentioned  before. 

The  results  from  the  vapor  and  liquid  phase  pyrolysis 
of  alpha-plnene  confirm  previous  studies  (17,  26)  that 
ocimene  is  the  precursor  of  allo-oclmene.  Furthermore, 
these  results  appear  to  have  elucidated  tho  mechanism 
of  formation  of  the  Isomers.  Although  it  was  noted  in 
previous  worlt  that  difforont  proportions  of  tho  two 
isomers  were  produced  at  various  temperatures,  it  was 
not  known  that  isomer  A is  first  formed  and  then  isomerises 
reversibly  into  the  B Isomer.  Thus  it  is  possible  to 
prepare  at  low  pyrolysis  temperatures,  a mixture  containing 
isomer  A,  but  form  B must  be  separated  from  a mixture  of 
the  two  isomers. 

The  two  Isomers  of  allo-oclmene  are  differentiated 
by  means  of  their  physical  con 
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istanta.  Form  A has  a lc 
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boiling  point,  lover  ref raotive  index,  lover  density 
lover  dielectric  constant  and  lover  dipole  moment  than 
form  B,  Isomer  A has  a more  complex  Infrared  spectrum 
than  B.  The  ultraviolet  spectra  of  the  tvo  Isomers 
lndioate  that  Isomer  A absorbs  at  a higher  wavelength 
than  B.  The  absorption  properties  of  stereoisomers  thus 
differ  vith  regard  to  both  wavelength  of  the  absorption 
band  and  Its  intensity.  Hence  the  isomers  must  differ  In 
the  spatial  arrangement  of  groups  about  a plane.  If  one 
of  the  Isomers  approaches  coplanarlty  (or  maximal 
elongation)  It  should  exhibit  a higher  degree  of  resonance 
and  absorb  at  somevhat  longer  wavelengths  and  more 
intensely.  The  more  symmetrical  isomer  has  fever  bands 
in  the  Infrared  spectrum. 

On  the  basis  of  the  above  considerations,  structure 
I,  Figure  2,  may  be  assigned  to  isomer  A,  while  structure 
II  may  be  assigned  to  isomer  B.  Form  I should  have  a 
smaller  dipole  moment  than  form  II,  and  this  conclusion  la 
verified  by  the  measured  experimental  values.  Alder  (31) 
synthesized  two  isomeric  dibasic  acids  from  the  two  isomers 
of  allo-oclmene,  and  from  the  chemical  properties  concluded 
that  the  configurations  were  as  stated  above.  Hopfield  (30) 
made  the  same  assignment  with  regard  to  structure  from 
two  forms. 


the  Daman  spectra  of  the 
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In  evaluating  the  dipole  moments.  Maxwell's  relation, 
e - n2,  was  used  as  a first  practical  criterion  of  non- 
polarity, If  the  dipole  moment  is  zero,  the  orientation 
polarization  does  not  contribute  to  the  total  polarization 
which  is  then  equal  to  the  sum  of  the  electronic  and 
atomic  polarizations,  whioh  are  about  equal  to  the  molar 
refraction.  At  25°  C the  difference  e - n2  for  isomers 
A and  fl  is  ,1175  and  .1866;  at  20°  C the  difference 
is  .1254  and  .1945  respectively,  l'rom  these  results  it 
is  possible  to  say  that  isomer  B will  have  a higher  dipole 
moment, 

Thomas  (52)  determined  the  dipole  moment  of  allo- 
ocimeno  at  25°  C,  but  did  not  differentiate  between  the 
two  isomers.  The  sample  he  used  had  the  physical  constants: 
ng5  1.5420,  df5  .8059,  e 2.5574  and  p .53  debye  units.  The 
values  at  25°  C found  in  this  work  for  Isomer  A were: 
nD  1.5415,  d4  .8055,  e 2.4971  and  p .535  d.u.  It  would 
therefore  appear  that  Thomas  used  a sample  of  allo-ocimene 
rich  in  isomer  A, 

The  dipole  moments  for  the  two  isomeric  species  were 
also  calculated  by  means  of  the  Kirkwood  equation  (53)  with 
the  constants  for  the  pure  liquids. 
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The  calculated  values  at  25°  C were  p = .838  fop  Isomer 
A and  p = .907  for  isomer  B.  The  discrepancy  between 
the  above  values  and  those  obtained  from  the  solution 
moments  vas  about  .3,  which  con  be  of  the  same  magnitude 
as  the  difference  between  the  solution  moment  value  and 
the  gas  moment  value.  Therefore,  for  terpene  oompounds, 
a good  approximate  value  of  the  dipole  moment  may  be 
calculated  from  the  constants  of  the  pure  liquid  and 
equation  VII-1,  dispensing  with  tho  method  of  dilute 
solutions. 

The  liquid  phase  isomerization  of  allo-ocimene 
produces  polymers  which  have  a boiling  point  range  of 
174-9°  C at  10  mm.  Molecular  weight  determinations  of 
the  polymer  mixture,  at  the  early  stages  of  the  reaotion, 
indicated  that  most  of  it  is  dimer.  Furthermore,  the 
evidence  from  the  ultraviolet  spectra  suggests  that  the 
polymer  is  a mixture  of  several  dimers.  Some  of  the 
reacted  tubes  used  in  the  kinetic  runs  were  sent  to 
Dr.  D.  Hunt  of  the  Glidden  Co.,  for  analysis  with  a high 
resolution  gas  fractometer.  Typical  results  are  Bhown  in 
Figure  34,  and  it  is  evident  from  the  chromatograms  that 
at  least  six  dimers  are  present.  Furthermore,  different 
dimers  are  formed  aooording  as  pure  A,  pure  B or  a mixture 
of  A and  B is  used  as  the  starting  material.  Five  dimers 
are  formed  from  isomer  A,  three  from  B and  six  from  A ♦ B 
in  the  early  part  of  the  reaction. 
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Retention  Times.  Allo-ocimene  A and  B:  4-6  minutes. 
Dimers:  18-24  minutes. 


Time  (Minutes) 


JuiaJL 


JUl 


FIGURE  34.  Chromat 
an  Allo-Oclmeno  A * B Mi 
Kinetic  Runs  AB-n.  (a) 
Aplezon  L Column  at  2506 
Aplezon  L Column  at  100° 


grams  showing  All  Compon 
lure  Reacted  for  6 Hours 
.01  in  * 100  ft  Capillar 
(b)  .01  in  x 100  ft  C 
on°  » 
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The  first  step  in  treating  the  kinetic  data  was 
to  use  the  experimental  reaction  velocities  to  find 
approximate  values  for  the  rate  constants  of  the  reversible 
ois-trans  isomerization  of  allo-ocimene,  that  is  for  the 
following  process: 

kl 

A 5=S  B VI 1-2 

k2 

Since  the  isomerization  was  studied  in  the  liquid  phase 
in  which  complicating  side-reactions  occur,  a special 
treatment  was  applied  to  explain  the  behavior  of  the 
system.  Some  experimentally  obtained  conditions  permitted 
considerable  simplification  of  the  derived  differential 
equations. 

ket  A,  B,  Jt±  (i-l,...,n)  be  the  concentration,  in 
mole  fraction  units,  of  Isomer  A,  isomer  B and  dimers,  and 
-dA/dt  - u VI 1-3 

-dB/dt  - v VII-4 

Then  if  log  u or  log  v is  plotted  against  log  A or  log  B, 
more  than  one  straight  line  is  obtained  indicating,  as 
expeoted,  that  there  were  complicating  features  in  the 
reaction.  If  several  dimers  are  produced  from  2A,  2B  and 
A * B,  then  u and  v are  functions  of  A,  B and  D1,...,Dn,  or 
U - fiU.B.Di,...,!),,)  VII-5 

V - faU.B^,...^) 


VII-6 
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In  oomplex  reactions,  the  Initial  rate  is  of  great 
Importance,  as  It  Is  only  at  t » 0 that  the  components 
of  the  system  are  known  with  any  certainty.  As  t— *-0, 
then  A — Hlo,  B— »-B0,  Di — >-0,  u— ru0  and  V— ^ v0.  Thus 
at  t*0, 

Uo  - f?(A0,  B0)  TO-7 

T„  - fg(Ao,  Bc)  VII -8 

where  u„  and  v0  are  the  initial  rates,  Ac  and  BQ  being 
the  initial  concentrations.  For  the  reaction  velocities 
-dA/dt,  dB/dt,  the  rate  equations  become: 

“o  " klV  kaBo  ♦ >r(*o»B0)  VII-9 

To  “ k2B0-  k1A0  + F'(A„,B0)  TO-10 

If  the  functions  F and  F*  are  negligible,  then  as  a first 
approximation,  when  starting  with  pure  A or  B,  the 
expressions  can  be  simplified  to: 

“o  ' kjA,,  vn-n 

T0  = VII-12 

Equations  VII-11  and  VII-12  would  be  exact  under  two 
conditions.  First,  if  B0  in  VII-9,  and  A0  in  TO-10  were 
aero.  Second,  if  the  curve  for  dimer  formation  approached 
the  origin  with  aero  slope.  Taking  logarithms  in  TO -11 
and  VII-12, 

l»fi  % - log  kx  ♦ log  Ao  VII-13 

log  v„  = log  k2  * log  Be 


TO-14 
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According  to  VII -13  and  YXI-14,  if  the  log  of  the  initial 
rate  is  plotted  against  the  log  of  initial  concentration, 
a straight  line  with  unit  slope  should  result.  The 
intercepts,  at  log  A„  or  log  Bo  equal  zero,  are  the 
logarithms  of  the  rate  constants.  Plots  of  the  logarithms 
of  initial  rates  against  the  logarithms  of  initial 
concentrations  are  given  in  Figures  35  and  30.  The  slopes 
of  these  lines  are  close  to  unity:  1,1,  1,04,  1.07,  1.05 
respectively  at  189.5,  200,  204.5  and  210°  C for  log  u0 
versus  log  AoJ  1.1,  1.2,  1.2,  1.3  respectively  at  the 
same  temperatures  for  log  v0  versus  log  Be.  The  rate 
constants  lCj  and  k2  were  calculated  from  the  intercepts 
of  these  lines,  also  by  solving  simultaneously  equations 
VII-9  and  VII-10,  setting  P « F»  « 0,  and  using  the 
initial  rates  from  VI-2.  The  values  of  the  constants 
are  given  in  Table  36. 

If  when  starting  with  pure  Isomer  A,  it  is  assumed 


that 


VII-17 


VII-16 


VII-15 


occurring,  then 


♦b  + a2*ab-i 


VII-18 


Hate  i\>  -dA/dt 
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TABLE  3G 

BATE  CONSTANTS  FOB  REVERSIBLE 
ISOMERIZATION  OF  ALLO-OCIMENE 


kl  x 

103 

... 

103 

Temperature 
o c 

cepts 

Equations 

VI-9, 

VI-10 

cepts 

Prom 

Equations 

VI-10 

“lAa 

189.6 

2.400 

2.440 

1.900 

1.970 

1.26 

200.0 

2.880 

2.990 

2.690 

2.750 

1.07 

204.5 

3.580 

3.540 

3.160 

3.19 

1.13 

210 

5.250 

5.280 

4.30 

4.49 

1.20 
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-UA/at  - kjA  * 2k3A^  4 kg(A)(B)  - k2B 
-dB/dt  ■ kjB  * ks(A)(B)  - kjA 


VII-19 


VII -20 


The  rates  defined  by  k4  and  k6  hare  been  omitted  since 
these  dissociation  rates  are  exceedingly  small.  Concentration 
is  expressed  in  mole  fraction  units,  hence  VII-18  applies. 
When  A and  B are  used  in  a product,  each  is  placed  in 
parenthesis  to  avoid  confusing  it  with  AB,  the  symbol  for 
a dimer.  It  is  experimentally  observed  that  after  a short 
period, 

-dB/dt  - 0 VII-21 

Imposing  condition  VII-21  on  VII-10  and  VII-20,  the  following 
equation  is  obtained: 


where  ts  is  the  time  at  whioh  condition  VII-21  becomes 
applicable  and  Bg,  Ag  are  the  corresponding  concentrations 
of  A and  B at  that  time.  From  VII-20  and  VI-21, 


-dA/dt  - 2ks(A)(B)  * 2k3A2 
Equation  VII-22  can  be  integrated  to  give. 


VII -22 


VII-23 


k5  _ <VBS  - *zA) 
Equation  VII-23  may  be  solved  for  k3. 


VII-24 


*SBs  (A,e'2k5Bs(t  - ts)  . A) 


B-2kgB8(t  - t8). 


VII-25 
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Starting  with  pure  B,  the  equation 


may  be  substituted  for  VII-16,  and  another  set  of  equations 
similar  to  VII-24  and  VII-25  can  be  obtained  for  kj  and  k5. 
The  constants  k3,  kj  and  kg  were  calculated  at  each 
temperature.  Constant  kg  found  from  equation  VII-24 
differed  by  about  a factor  of  two  from  that  found  from 
the  equation  applicable  when  B is  the  starting  material . 

At  each  temperature  there  was  appreciable  drift  in  the 
constants.  Arrhenius  plots  for  k3  and  kj  showed  a slight 
negative  drift,  indicating  either  that  the  slope  was  zero 
or  that  the  aotivatlon  energy  was  negative,  a physical 
impossibility.  Arrhenius  plots  for  ks  were  normal. 

It  was  thus  necessary  to  find  other  equations 
compatible  with  the  postulated  mechanism  and  the  experi- 
mental results.  If  the  reactions  represented  by  equations 
VII-16  and  VII -20  are  subsidiary  ones  then  starting  with 
pure  A or  pure  B,  and  applying  the  additional  condition 
(for  runs  with  B) 

-dA/dt  - 0 VI 1-27 

the  following  relationships  may  be  derived.  I'or  runs 
starting  with  A, 


-dA/dt  - kxA  - kj>B  • kg(A)(B) 


VI I -28 
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and  for  runs  with  It, 

-dB/dt  = kgB  - kjA  * k0(A)(B)  YII-29 


Applying  VII-21  and  VII-27  to  VII-28  and  VII -23  and 
Integrating,  the  following  equations  are  obtained: 

log  Ag/A  * [kg  2B8  (t  - t8)]/(2.303)  VII-30 

log  B,/fo  - [k5  2A„  (t  - ts)]/(2.303)  VII-31 

Prom  VII-30  and  VII-31  expressions  for  k5  can  he  obtained. 


(2.303) (log  A -/A) 
k5"  2B8(t  - t8) 

(2.303) (log  Bg/B) 
B'  2As(t  - tg) 


VII -32 
VII-33 


The  values  of  kg  calculated  from  the  above  equations  are 
given  in  Tables  37  and  38.  Arrhenius  plots  for  the  kg 
constants  are  shown  In  Figure  37.  They  have  almost 
Identical  slopes,  and  the  activation  energy  was  found  to 
be  19.3  koal/mole.  The  kg  constants  define  a bimoleoular 
association  involving,  perhaps,  a 1:4  addition  of  an 
ethenold  to  a butadlenoid  system,  that  1b  a Diels-Alder 
reaotlon.  Experimental  activation  energies  for  this  type 
of  reaction  have  been  reported  at  from  15  to  22  kcal/mole 
(54).  Arrhenius  plots  for  kj  and  k2  in  Table  25  yield 
aotivatlon  energies  of  28.1  and  23.9  kcal/mole  respectively. 
Experimental  activation  energies  for  ois-trans  isomeri- 
sations range  betveen  15  and  46  kcal/mole  (54). 
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TABLE  37 

RATE  CONSTANT  !cg  VALUES  FROM  EQUATION  VII-33 
FOR  RUNS  WITH  B AS  THE  STARTING  MATERIAL 


Time 

(Minutes) 


fc5  » io3 

189.5°  C 200°  Q 204.5°  C 210°  c 


50 

72 

OC 


20.90 

25.50 

26.50 


30. 83  46.20  59.80 

40.50  46.70  01.90 

39.05  40.40  01.40 

40.04  40.00  60.70 

40.80  47.80  60.80 

40.80  46.50  59.30 

40.81  40.80 

40.90  45.80 

40.00  46.60 

39.90  — — 

45.50 


40.32  46.43  00.65 
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TABLE  38 

HATE  CONSTANT  k-  VALUES  FROM  EQUATION  VT I -32 
FOB  RUNS  WITu  A AS  THE  STARTING  MATERIAL 


210°  C 


45.40 

45.60 

45.40 

44.80 

44.50 


45.07 
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Values  for  k^  and  kg  were  obtained  quite  Independently 
of  Initial  rates,  by  solving  simultaneously  equations 
VII-28  and  VII-29. 

(-dA/dt  - k5A1B1)(B2)  ♦ (-dB/dt  - ksAgBg)(Bi) 

*>  UV>,  - v,l m"“ 

(-dB/dt  - kBAgBg)(Ai)  < (-dA/dt  - k.A,B,  )(A-) 

k2  - A^) VI1-38 

where  -dA/dt,  A^,  B^  are  the  rates  and  concentrations  from 
runs  starting  with  pure  A,  while  -dB/dt,  Ag,  Bg  are  the 
values  from  B runs.  The  values  of  k^  and  kg  given  In 
Table  39  were  calculated  from  equations  VII -34  and  V1I-35 
with  the  rates  from  equation  VI-2  and  the  corresponding 
concentrations  at  90  and  120  minutes  respectively  for  each 
temperature.  Arrhenius  plots  are  shown  in  Figure  38  and 
the  activation  energies  for  kj  and  kg  are  22.4  and  19.9 
koal/mole  respectively. 

The  Integrated  equations  VII-30  and  VI-31  were  used 
with  the  experimental  time-concentration  values.  The 
following  empirical  relationships  were  also  derived  by 
a trial  and  error  process  and  the  use  of  the  observed 
rate-cone entration  values. 

-dA/dt  - ka(Ba)4(A)i  VII-36 

-dB/dt  - k,(A,)4(B)i  VII -37 

The  constants  ka  found  from  equations 


VII-36  and  VII-37 
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TABLE  39 

HATE  CONSTANTS  kj  AND  k2 
WtOM  EQUATIONS  VII-34  AND  VII-35 


Temperature  0 C kj  x 103  kg  x 10a 


189.5  1.85  1.35 

200  3.12  2.02 

204.5  3.65  2.71 


210 


3.56 
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are  given  in  Table  40.  An  Arrhenius  plot  for  these  Ua 
values  is  given  in  Figure  38.  The  aotlvatlon  energy  of 
18. D kcal/nole  is  almost  the  same  as  that  found  from  the 
fe5  values. 

Any  mechanism  from  which  VII-3C  and  VII -37  can  be 
derived  necessitates  the  involvement  of  free  radicals. 

The  possibility  cannot  be  ruled  out  completely  that  a 
systematic  error  was  introduced  in  the  IBM  calculation  of 
rates  to  account  for  the  square-root  dependency, 
particularly  as  the  foro  of  VII-3G  and  VI 1-37  is  so 
similar  to  that  derived  from  VII-28  and  VII-29.  Nevertheless, 
in  a systom  containing  unsaturated  molecules,  the  thermal 
production  of  free  radicals  is  very  probable  (56,56). 

The  rate  of  disappearance  of  a monomer  in  a free 
radical  polymerization  reaction  (56)  can  be  represented 
by  the  equation, 

-d)l/dt  - kp(B1At)*(N)  VII-38 

where  M is  a monomer,  Bj  the  speoifio  rate  of  radical 
production,  kp  the  rate  constant  for  the  propagation 
reaction,  and  kt  the  rate  oonstant  for  the  termination 
reaction.  Equation  VII-38  vould  reduce  to  VII-3G  if  M-A, 
Ri=(B/A)4  and  l!p/k*  - k#. 

A summary  of  the  constants  found  for  the  isomerization 
and  dimerization  of  allo-ooimene  is  given  in  Table  41.  The 
log  of  the  frequency  factor,  log  s,  was  also  calculated 
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TABLE  40 

CONSTANT  ka  AT  189.5°  C 


ka  x 103 

Time  I-Yom  Equation  Prom  Equation 

(Hinutes) VH-36 VII -37 


60 

06 

120 

150 

180 

210 


CONSTANT  ka  AT  200°  C 


10.69 

10.67 

10.62 

10.40 

10.16 

10.13 

-IOtSI 


I 1^  AT  204.5°  C 


CONSTANT  1^  AT  210° 
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and  for  kj  and  k2  log  8 (In  terms  of  seconds)  Is  14.2 
and  13.7  respectively  which  arc  normal  for  unlmoleoular 
reactions.  Por  kg  and  ka  the  valuos  of  log  s (in  terms 
of  minutes)  are  9.8  and  10.3,  which  are  also  norotal  for 
a second  order  reaction,  presumably  the  dimer  fomation. 

The  constancy  of  rate  constants  over  a given 
concentration  range  is  usually  taken  as  a sufficient 
criterion  for  the  plausibility  of  a postulated  mechanism. 
However,  although  this  condition  is  necessary,  it  is  by 
no  means  sufficient.  A further  tost  was  applied  to  the 
meohaniam  from  which  equations  VII-28  and  VII-29  were 
derived.  It  was  found  that  if  the  rates  are  calculated 
with  VII-28,  20  and  the  appropriate  constants  (kj,  k2  and 
kg),  they  are  close  to  the  observed  ones.  For  example, 
for  runs  starting  with  A at  189.5°  C,  and  t=3C,  60  and 
180  minutes  the  calculated  rates,  x 103,  are  3.0,  2.80 
and  1.55.  The  observed  rates,  x 103,  are:  2.17  or  3.19 

(equation  VI-2  or  VI-3),  2.08  or  2.01,  and  1.64  or  1.73 
respectively.  Por  runs  starting  with  B at  189.5°  C and 
te3G,  CO  and  180  minutes,  the  calculated  rates,  x 103, 
are  2.02,  1.83  and  1.53.  The  observed  rates,  x 103,  are 
2.08,  1.96  and  1.43  respectively.  Por  mixtures  of  A * B 
the  observed  rates  are  much  smaller  than  the  calculated 
ones.  However,  if  the  ka  value  is  substituted  for  k5,  the 
calculated  rates  are  then  in  line  with  the  observed  ones. 
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At  189. 0°C,  tho  rates,  -ilA/dt,  calculated  for  a mixture 
A + B as  the  starting  material,  with  the  ka  constant,  at 
t-36,  00  and  180  minutes,  are:  1.39  x 10-3,  1.43  x 10-3, 

.748  x 10'3J  the  observed  rates  are:  1.40  x 10"3, 

1.29  x 10'3,  .82  x 10"3.  The  calculated  rates,-dB/dt,  for 
the  same  mixture  are:  1.10  x 10"3,  1.04  x 10~3,  .59  x loa- 
the observed  rates  are:  .94  x 10-3,  .89  x 10*3,  .64  x 10“3. 

There  are  probably  several  reasons  why  the  assumed 
mechanism  is  not  applicable  beyond  about  50  percent  or  the 
reaction.  First,  it  is  known  that  unimoleoular  constants 
change  with  a decrease  of  the  reagent  concentration. 

Second,  a greater  and  greater  uncertainty  may  bo  introduced 
in  the  calculation  of  concentrations  from  the  chromatograms 
as  the  reaction  proceeds.  It  will  be  recalled  that  a 
constant  volume,  one  microliter,  was  used  for  all  analyses, 
and  with  the  Increase  or  dimer  content  the  chromatogram 
area  becomes  smaller.  Third,  it  was  observed  that  the 
dimers  from  the  early  stages  of  the  reaction  absorbed  at 
240  mu,  which  is  due  to  a diene  chronophore.  Thus  the  dimers 
may  be  a mixture  containing  species  with  cyclohexene  or 
cyclobutane  rings.  The  absorption  decreases  sharply  during 
the  later  stage  of  the  reaction.  About  80  percent  of  the 
dimers  with  the  diene  chromophore  disappear  on  heating  for 
24  hours.  Hence  it  is  possible  that  polymerization  may 
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occur  at  the  later  stage  of  the  reaction.  This  would 
happen  if  the  terminal  double  bonds  reacted. 


CHAPTER  VIII 


SUMMARY 

The  pyrolysis  of  alpha-pineno,  both  in  the  vapor 
and  liquid  phases  was  studied  with  a view  to  elucidating 
the  mechanism  of  fomation  of  the  isomers  and  dimers  of 
allo-oolmene. 

The  isomerization  products  of  alpha-pin ene,  both  In 
the  vapor  and  liquid  phases,  have  been  identified  and 
separated. 

Very  pure  samples  of  the  two  isomeric  forms  of  allo- 
ocimene  were  prepared  from  the  vapor  phase  pyrolysis  of 
alpha-pinone . The  Isomers  were  separated  by  efficient 
fractionation  columns  and  further  purified  by  fractional 
crystallization. 

Some  physical  properties  were  determined.  On  the 
basis  of  these  the  structure  of  trans-C-4.5.  trans-C-Cr7 
was  assigned  to  isomer  A and  trans-C-4,5,  ola-C-C.7  to 
Isomer  B. 

The  evidence  presented  here  indicates  that  isomer  A 
is  formed  at  all  temperatures  and  that  it  is  reversibly 
converted  to  Isomer  B.  At  high  temperatures,  an  equilibrium 
is  established  between  the  two  forms,  so  that  it  is  not 
possible  to  obtain  Isomer  B only  either  from  A or  from 
alpha-pineno . 
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Tho  reversible  isomerization  of  allo-ocimene  was 
studied  in  the  liquid  phase.  The  reaction  is  a complex 
one,  possibly  involving  a free  radical  meohanlsm.  An 
attempt  was  made  to  sort  out  the  simple  unlmolecular 
reaction, 

k, 

A ^ B vm-i 

*2 

from  the  complex  one  involving  the  formation  of  as  many 
as  six  dimers  when  A is  the  starting  material.  The 
activation  energies  and  frequency  factors  were  obtained 
and  are  of  the  correct  order  of  magnitude  for  unlmolecular 
and  blnolecular  reactions  (reversible  isomerization  and 
dimer  formation). 

From  the  evidence  and  data  obtained  in  tills  work, 
together  with  results  of  previous  studies,  the  over-all 
reaction  of  allo-ocimene  formation  now  appears  to  bei 
(Dipentene)  (Dimers)  (Dimers) 

Jf  (Liquid  Hiase) 

(Alpha-Plnene )-»(0clmene  ) — *( Allo-ocimene  A^AAllo-ooiraene  B) 
(Vapor  | Phase) 
(Pyronenes) 

There  is  also  evidence  for  more  extensive  polymerization 
occurring  in  the  liquid  phase  when  allo-ocimene  is  heated 
for  a prolonged  period  of  time. 

The  study  of  the  isomerization  process  indicated  by 
equation  VIII-1  in  the  vapor  phase  should  permit  a direct 
determination  of  the  first  order  kinetic  data. 
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